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Wogsland, Karen L . , M.S. June 1988 Geology
The Effect of Urban Storm Water Injection by Class V 
Wells on the Missoula Aguifer, Missoula Montana
Director: Dr. William Woessner
The City of Missoula, Montana, disposes of urban 
storm runoff through 2,669 Class V Injection Wells. 
These storm drains inject water directly into a 20 to 
VO ft thick {6 to 21 m> sand, gravel, and clay vadose 
zone and the underlying unconfined aguifer- This 
research examines the effects of injected water on the 
quality of the potable supply.
Runoff samples and discharge measurements were 
collected at two storm sewer outfall sites draining 
commercial and residential land use areas. Samples 
were analyzed for major cations, anions, trace metals 
and EPA priority organic pollutants. Pollutant 
loadings were computed using precipitation, impervious 
drainage areas, runoff coefficients, and EMC data. Two 
injection well sites were instrumented with nested 
lysimeters and single monitoring wells to determine the 
role of the vadose zone in attenuating or contributing 
pollutants in runoff recharge and to monitor water 
quality changes at the water table.
Inventory results show 82% of the sumps are located 
in residential areas; commercial and industrial areas 
contain 16% and 2%, respectively. The sumps inject 
approximately 119 million gallons (4.5 X lO® 1) of 
storm runoff annually. Runoff is principally low in 
T D S , and contains calcium, bicarbonate, iron, manganese 
zinc, copper and lead. Spring snowmelt was higher in 
TDS and dominated by sodium chloride. Total annual 
loading of TDS is estimated to be over 4,400 tons (1.8 
X lO^ kg). Lysimeter data indicate concentrations of 
major cations and anions increase and concentrations of 
trace metals decrease during percolation of recharging 
runoff through the vadose zone. Ground water 
concentrations of bicarbonate, calcium, magnesium, 
sodium, chloride and iron increased in response to 
storm water injection.
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Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
ACKNOWLEDGEMENTS
This research was supported by the U.S. Environmental 
Protection Agency, the Montana Department of Resources and 
Conservation, Missoula County, and the University of 
Montana. Special thanks to Bill Woessner, whose dedication, 
enthusiasm, and sense of humor, not only made this project 
possible, but inspired learning and achievement. Also many 
thanks to committee members Johnnie Moore and Don Potts for 
their time and help.
Too many people contributed to this document in many 
different ways to thank them all. First thanks to field 
assistants Pete Lynch, Beth Hayes, Sue Purvis, and Alan 
Wylie for their willingness to sample in the rain, and Joy 
Ear Is and Kathy Olsen for their help with city records and 
drafting. Thanks to all my classmates, whose ideas and 
support made this experience a memorable and pleasant one, 
and to my office mates who helped me through many a crisis. 
Thanks Bill Thompson for always being willing to help and 
always making the right decision for me. Bill Perry for 
putting things in perspective, Michelle Watson for leading 
the way, Willa Craig for listening to the thesis blues, and 
Rebekah Brooks for being a good roommate.
And finally, thanks to my parents, Jim and Marlene, 
whose love, generosity, and hard work have led to my 
abundant opportunities.
Ill
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
TABLE OF CONTENTS
page
ABSTRACT...................................................  ii
ACKNOWLEDGEMENTS.......................................... i i i
LIST OF FIGURES..........................................  v
LIST OF TABLES............................................ vi
LIST OF PLATES...........................................  vi
CHAPTER
1 INTRODUCTION.............................................. 1
Study Setting....................................... 4
2 METHODOLOGY.............................    8
3 RESULTS AND DISCUSSION.................................  20
Runoff quantity, quality and loads..........   20
Vadose zone interactions and ground
water impacts.....................    28
Ground water impacts from commercial areas.... 50
4 CONCLUSIONS AND RECOMMENDATIONS......................  56
REFERENCES................................................  59
APPENDIX A: Sampling procedures......... . ............ 63
APPENDIX B: Single drain site instrumentation.....  66
APPENDIX C: Precipitation and head................... 72
APPENDIX D: Data for EMC and runoff ratio
calculations............................. 85
APPENDIX E: Water quality data.......................  89
APPENDIX F : Results of EPA priority
pollutant sampling....................... 107
APPENDIX G : Water level and concentration vs
time, commercial site...................120
APPENDIX H: Quality control .  ......................... 126
IV
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Figure 1; 
Figure 2: 
Figure 3: 
Figure 4 :
Figure 5:
Figure 6:
Figure 7:
Figure 8s
Figure 9s
Figure lOs
Figure Ils
Figure 12s
Figure 13s
Figure 14: 
Figure 15s
Figure 16:
LIST OF FIGURES
page
Location m a p ................................. 5
Residential outfal 1 sampling site.......    9
Commercial out t'a 11 sampling site................  lO
Schematic cross section of single drain
site instrumentation......   17
Stiff diagrams for commercial and
residential sites...............................  29
Metal concentrations for commercial and
residential sites..... .. ...................... 33
Precipitation and water table fluctuation
vs. time at the commercial site................ 34
Precipitation and water table fluctuation
vs. time at the residential site..............  35
TDS and water table fluctuation vs. time 
a) commercial site, b> residential si te...... 36
Chloride and water table fluctuation vs.time
a) commercial site, b) residential site......  37
Nitrate and water table fluctuation vs. time
at the commercial site..........................  38
Iron and water level fluctuation vs. time
a) commercial site b) residential site.......  39
Ground water concentrations at
Southgate Mall....................................  52
Lysimeter and neutron probe installation..... 69
Wei1 design and well log at the
commercial site...................................  70
Well design and well log at the
residential site..........    71
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
LIST OF TABLES
Tab le 1
Tab le 2
Table 3
Tab le 4
T ab le 5
Tab le 6
Tab le 7
Table 8
Table 9:
Tab le 10:
Table 1 1 :
Table 12:
Tab le 13:
Tab le 
Tab le
14:
15:
page
Analytical parameters........................... 12
Analytical parameters........................... 13
Quality control.................................. 14
Runoff ration calculations..............   21
Variables used in loading calculations....... 21
EMC ‘ s of composite drain sites................ 23
EMC ‘ s of single drain sites...................  24
Frequency of detection of trace metals and
arsenic in runoff...............................  25
Estimated annual loading from runoff to
the vadose zone.......   25
Effect of the vadose zone on percolation
runoff.....................    31
Estimated annual loading to the aquifer......31
Frequency of detection of heavy metals
and arsenic in pore water...................... 40
Frequency parameter exceeded drinking
water standards in runoff, pore water,
and ground water.............................. 40
Results for oil and grease (mg/1).............. - 41
Estimated background concentrat ions and
change due to runoff injection at the
commercial well (S W ) in mg/1 .................. 49
LIST OF PLATES
Plate 1: Map of the Missoula Valley showing drain
locations, sample sites and monitoring wells. Back pocket
V  1
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER ONE
INTRODUCTION
Urban runoff can contain pollutant concentrations of 
the same magnitude as treated or even untreated sewage 
(Novotny and Chesters, 1981, U.S.EPA, 1983). Atmospheric 
fallout, traffic, and litter accumulation are the primary 
sources of pollution in urban storm runoff (Novotny and 
Chesters, 1981). The most important pollutants in urban 
runoff are heavy metals, (especially copper, lead, and 
zinc), and concentrations often exceed EPA drinking water 
standards. Other trace metals detected are arsenic, 
chromium, cadmium, and nickel. Organic priority pollutants 
are also found in runoff, although they were detected less 
frequently and at lower concentrations than heavy metals 
(U.S.EPA, 1983).
In most urbanized areas, storm water is disposed in 
storm sewers that discharge to surface water, and 
consequently few studies have evaluated the impact of runoff 
on ground water systems. Two EPA Nationwide Urban Runoff 
Program (NURP) studies, at Long Island, New York, and 
Fresno, California, evaluated the impacts of urban runoff 
recharge collected in recharge basins to unconfined s o le— 
source aquifers (U.S.EPA, 1983). The Fresno study concluded 
that major cation, anion and nutrient concentrations in the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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regional ground water system were greater than in runoff, 
and storm runoff appeared to improve regional ground water 
quality. Concentrations of lead, zinc, iron, manganese, 
copper, and mercury were significantly higher in runoff but 
were removed by basin soils (Brown and Caldwell, 1984). The 
Long Island segment of the NURP concluded that urban runoff 
injection through recharge basins had no adverse impact on 
the ground water system. They attribute lead concentrations 
entering a recharge basin to traffic sources and concluded 
that infiltration through the soil was generally effective 
in reducing lead concentrations. Chloride concentrations in 
runoff increased by two orders of magnitude in the winter 
and was not attenuated in the vadose zone (Koppelman, 1984).
Schmidt (1985) studied the dry well injection of urban 
runoff into the vadose zone overlying an unconfined ground 
water system in Pheonix, Arizona. He reported that the 
water quality from one monitoring well had concentrations of 
inorganic constituents which were lower than background, and 
injected water "improved" ground water quality. He also 
concluded that only lead, iron and manganese were potential 
ground water pollutants and that much of the iron, and lead 
were attached to sediments and posed no threat to the ground 
water system. In Spokane, Washington, where sumps are used 
for runoff disposal, storm drain injection accounts for up 
to 30% of contaminant loading to the aquifer (Miller and 
Esvelt, 1979). Ground water monitoring revealed a
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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"stratification" of pollutant concentrations which was 
attributed to poor quality storm runoff recharging the 
aquifer (Miller, 19S3).
Missoula Montana, located in a intermountain basin 
typical of northwest United States, provides a good location 
to study the effect of urban runoff on ground water. The 
city injects urban runoff through Class V Injection Wells 
(sumps or French drains) to a shallow, coarse-grained 
unconfined aquifer that is highly susceptible to 
contamination from surface sources and is the sole—source of 
drinking water. Runoff in Missoula may also contain higher 
levels of heavy metals, sodium and chloride from sand and 
salt used on the roads in the winter, and inversions typical 
of Missoula winters may trap pollutants that might otherwise 
be carried off by different weather patterns.
The goal of this study is to evaluate the impacts of 
urban runoff on the Missoula aquifer that is the principal 
water supply for approximately 30,000 residents.
Specific objectives include:
1) Inventorying the storm drain locations, land u s e ,
and impervious area,
2) Estimating runoff ratios and quantity of urban
runoff,
3) Characterizing the quality of urban runoff,
4) Estimating pollutant loads from runoff,
5) Determining the effect of the vadose zone on
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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injected water,
6) Documenting water quality impacts to the aquifer.
STUDY SETTING
The Missoula Valley is located in a fa u 1t—bounded basin 
typical of Northwestern Montana (Figure 1) and contains 
approximately 2,500 ft (760 m) of continental clastic basin 
fill deposits (MeMurtrey et al., 1965). These sediments 
range in grain size from clay to coarse gravel which 
unconformab1y over lie pre-basin Precambr i an Belt Supergroup 
metasediments. The Missoula Aquifer is unconfined and 
extends to a depth of lOO to 200 ft (30 to 60 m ) .
Stratigraphically, it is composed of: 1) An upper layer lO
to 30 ft (3 to 9 m) thick composed of interbedded boulders, 
cobbles, gravel, sand and silt; 2) An intermediate layer
with an average thickness of 40 ft (12 m) dominated by silty
sandy clay, with local layers of coarse sand and gravel, 
and; 3) A basal layer that varies from 50 to lOO feet thick 
(15 to 30 m) dominated by interbedded gravel, sand, silt and
clay. The vadose zone is composed of both the coarse­
grained surficial unit and the finer intermediate unit and 
its thickness varies from 20 to 70 ft (6 to 21 m > . The 
aquifer is prolific with hydraulic conductivities of about 
3,400 ft/d (1,040 m/d) and transmissivities of about 
1,700,000 gpd/ft ( 21,125 m*/d) (Woessner, 1988). The Clark
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Fork River, which flows westward through the Missoula 
Valley, is influent for about the first three miles (5 km). 
The river recharges the unconfined Missoula Aquifer at an 
average rate of approximately 36 million gallons (136 
million L> per day (Clark, 1986). The water table rises 
from April to June in response to increased river recharge 
during spring runoff and declines from July through 
February- Ground water generally flows away from the Clark 
Fork River. The aquifer is the sole source of drinking 
water for Missoula and annually yields in excess of 9.7 
billion gallons (36.7 billion L). For a more complete 
discussion of the hydrogeology of the Missoula Valley see 
Woessner (1988).
Soils on the valley floor are Grantsdale loam or Moiese 
gravelly loam. Both are deep, well drained soils with clay 
content between 0-22%, permeabilities of 0.6 - 20 in/hr (1.5 
- SO.8cm), organic matter between 2-5%, and slopes less than 
2% (U S D A , 1983, USDA, 1987).
The climate in the valley is semiarid and the average 
annual precipitation is 13.29 in (33.76 cm). Peak 
precipitation occurs in May and June. During the year study 
period that spanned May 1986 — July 1987, the annual 
precipitation deviated from the average by + 3.29 inches 
(8.4 cm) in 1986 and by — 3.15 inches (8.1 cm) in 1987. 
Runoff generated by 3.33 inches of precipitation was sampled 
during the study. Based on the estimation that ten inches
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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(25.4 cm) of snow is equivalent to one of rain, 
approximately 24% of annual precipitation is in the form of 
snow (National Weather Service, personal communication).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER TWO
METHODOLOGY
I inventoried the Class V Wells that recharge urban 
storm water runoff to the Missoula Aquifer by compiling 
existing maps (Peterson, 1965) and field inspection. I 
constructed a land use map by using city zoning maps; land 
uses were categorized as residential, commercial, or 
industrial. I calculated impervious areas for commercial 
and residential land uses from city maps.
I collected data to estimate runoff quantity and 
quality at two composite sites which integrate several 
drains connected by a storm sewer system (Plate 1). One 
site was located in a residential land use area (MO) (Figure
2), and the other in a commercial land use area (BO) (Figure
3) to investigate the possible correlation between land use 
and runoff quantity and quality (Novotny and Chesters,
19B1). During storms, I measured discharge at outfalls as 
often as possible, (at approximately 3 to 60 minutes 
intervals) due to the highly variable flows that are 
characteristic of runoff (Shelly, 1979). Discharge from 
outfall pipes was calculated by using water depth 
measurements and discharge charts (Bethlaham Steel 
Corporation, 1959, Beschta, 1981).
Three to six runoff samples were taken per storm at
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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each of the two composite sites. Due to the variability 
of runoff quality during a storm, the objective of the 
sampling program was to obtain discrete samples collected at 
a recorded time and discharge (Shelly, 1979). Sampling was 
more frequent at the beginning of the runoff event to catch 
the higher concentrations typical of the "first flush" 
(Overton and Meadows, 1976).
Water quality samples were analyzed for the parameters 
listed in Table 1. Trace metals and organic priority 
pollutant analysis were limited to those most frequently 
detected by the Nationwide Urban Runoff Program (U.S.EPA, 
1983). (See Appendix A for sampling protocol for all water
quality samples collected). Table 2 shows the analytical 
methods, detection limits, holding time and preservation, 
and Table 3 shows the quality control for the analysis 
performed.
Two continuous recording rain gages located near 
sampling sites recorded precipitation data (Plate 1). I 
used the impervious area calculations, precipitation and 
discharge measurements and runoff quality data to estimate 
the quantity of water and pollutant loads from runoff. A 
runoff ratio (ROR) was calculated for each monitored storm 
by dividing the volume of runoff by the volume of 
precipitation (U.S.EPA, 1983). I calculated average R O R ’s
for both commercial and residential land use areas. The 
quantity of annual runoff was estimated by the equation:
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 1; Analytical parameters.
Number of samples collected
Parameter Contract total <0.45|im total <0.45pmlab runoff runoff pore water ground water ground wj
HCQ. 1 71 64 137SOL. 1 71 64 137Cl 1 71 64 137NO.-N 1 71 64 137Ca 1 71 64 137
Mg 1 71 64 137Na 1 71 64 137
K 1 71 64 137
TDS 1 71 64 137
As 2 6* 71 80 137
Cd 2 6 71 80 137
Cr 2 2 71 67 119
Cu 2 6 71 80 137
Fe 2 6 71 80 137
Pb 2 6 71 80 137
Mn 2 6 71 80 137
Ni 2 2 71 67 119
Hg 2 6 71 80 137
2n 2 6 71 80 137
Kjd N 2 6** 9 IS 2
NO. 2 4 7 2 1
*NOb-N
Oil 2 13 6 4
& grease
EPA Priority 3 3 2
organics
1 University of Montana, Chemistry Laboratory
2 Energy Laboratories
3 Rocky Mountain Analytical Laboratories
* Results of total metals and total Kjeldahl nitrogen not discussed but are found in 
Appendix E
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Table 2: Detection limits, and preservation.
Parameter Method det.
limits
Presei—  
vation
holding
time
HCO3
SCL,
Cl
NOa
Ca
Mg
Na
K
As
Cd
Cr
Cu
Fe
Pb
Mn
Ni
Hg
Zn
Kjd N 
NOa
+NOe-N
Oil
& grease
f filtered 
u unf i1tered
Franson,1985 
EPA 
600/4/79020
mg/1
0.5
0.01
0.01
0.1
0.01
0.01
0.01
0.005
0.001
0.02
0.01
0.03
0.01
0.02
0.03
0.001
0.01
0.1
0.05
f,4*C
f,3ml HeSO.
f,3ml H2S0*
14 d 
28 d
48 hr 
6 mo
f,3ml HNOa 6 mo
28 d 
28 d
28 d
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 3: (hiality assurence results.
a) Mean % difference and standard deviation of splits and duplicate samples.
Splits Duplicates
mean X diff* sd mean X d i f f sd
HC03 0.28 0.19 0.11 0.07
Cl 0.72 0.67 0.86 0-84
504 1.99 1.66 1.57 1.33
N03 2.25 2-09 1.35 1.48
Ca 0.76 0.59 0.76 0.07
Mg 1.22 1.70 0.08 0.16
Na 0.66 0.95 0.29 0.36
K 1.49 2.17 1.10 1.40
fan % difference of quality assurance split samples, n = 9 
fan X difference of quality assurance duplicate samples, n = 5
b) Means and standard deviations of MBS standard reference material 1643b (mg/11
MBS
pan (sd)
(kjality Assurence 
mean (sd) n = 10
As
Cd
Cr
Cu
Fe
Pb
Mn
Ni
Hg
Zn
0.050 
0.203 
0.019 
0.022 
0.101 
0.024 
0.028 
0.050 
< dl 
0.067
(0.0010)
(0.0004)
(0.0004)
(0.0081)
(0.0007)(0.0020)
(0.0031)
(0.0020)
0.051 
0.018 
0.01 
0.012 
0.10 
0.02 
0.03 
0.04 
< dl 
0.06
(0.0020)
(0.0006)
(0.009)
(0.003)
(0.005)
(0.008)
(-)
(0.013)
(0.004)
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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AR = ppt X cRÜR X carea + ppt x rROR x rarea 
where,
AR = quantity of annual runoff
ppt = average annual precipitation
cROR = average ROR from commercial land use areas
carea = impervious area in commercial land uses
rROR = average ROR from residential land use areas 
rarea = impervious area from residential land use areas
I assumed only precipitation falling on impervious areas 
generated runoff. Generally, in the Missoula valley, no 
runoff was observed from pervious areas. Event mean 
concentrations (EMC) were calculated for each parameter 
(except the ones indicated on Table 1) according to the 
equation:
EMC = Z( tr>— X — 1„) ( 1/2) (c„qr.+Cr»^-iq„-*i )
E ( t „ * x - t „ ) ( 1 / 2 ) ( q n + q n + x >
where:
t = time, min
c = concentration of constituent, mg/1
q = discharge, 1/min 
n = sample number
The EMC is a flow—weighted calculation of sequential 
discrete samples used to characterize the concentrations 
contributed by the entire storm (Shelly, 1901). The EMC was 
not calculated for the constituents when only grab samples 
were collected. Annual mass pollutant loading was
calculated using land use data, runoff ratios, average
annual precipitation, event mean concentrations of 
pollutants, and impervious drainage areas by the equation:
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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load = ppt X carea x cROR x cEMC + ppt x rarea x rROR x rEMC 
where,
ppt = average annual precipitation
cROR = average ROR from commercial land use areas
carea = impervious area in commercial land uses 
rROR = average ROR from residential land use areas 
rarea = impervious area from residential land use areas
cEMC = average event mean concentration from
commercial areas 
rEMC = average event mean concentrations from 
residential land use areas
When concentrations for trace metals were below detection, 
one half the detection limit of the parameter was used to 
calculate loadings.
Two single drain sampling sites, one in a commercial 
land use area (SW) and residential land use area (BW) (Plate 
1), were selected to determine the role of the vadose zone 
in contributing or attenuating contaminants in recharging 
runoff, and to monitor the impacts to the ground water 
system. Both sites were instrumented with a runoff 
collection device, variable depth suction lysimeters, and a 
monitoring well with a Stevens Type F continuous water level 
recorder. At the commercial land use site (SW) a neutron 
access tube was also installed (Figure 4). See Appendix B 
for lysimeter, neutron access tube and monitoring well 
construction and installation.
I sampled runoff from the collection device under the 
drain grate and calculated the E M C s . I collected vadose 
zone water from the variable depth suction lysimeters after 
a runoff event. Nitrogen gas was used to extract the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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lysimeter samples. Ground water samples were collected with 
a Johnson—Keck submersible pump during water level rises 
assoc i ated with runoff recharge. (See Appendix A for 
sampling methods). To insure a sample that was 
representative of the aquifer, the wells were pumped until 
temperature and specific conductance stabilized (USGS,
1977). Additional ground water samples were collected 
weekly at the two monitoring wells to define background 
ground water quality. A soil moisture profile was measured 
after a storm with the Troxler model 3222 neutron probe to 
follow the wetting front to the ground water system.
As an expansion of the single drain commercial site 
impact analysis, I studied effects of urban runoff from a 
3,000,000 ft® (279,000 m ® ) parking area containing over 180 
storm drains. A ground water monitoring network using 
existing wells was set up in the vicinity the Southgate mall 
parking area, I sampled four existing wells twice a month 
that were located around Southgate Mall (Plate 1). I 
measured water levels at additional wells in this area and 
tied them into a larger valley wide network to determine 
ground water flow direction. To account for the possibility 
of natural variations in ground water quality in the 
vicinity of the parking area, I also sampled ground water 
near the Clark Fork River to access water quality changes 
due to the river recharge, and selected wells along ground 
water flow paths to quantify changes due to aquifer
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dissolution.
The •following results and discussion are presented in 
terms of the quantity and quality of urban storm water 
runoff, and the vadose zone interactions and ground water 
impacts associated with runoff recharge.
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CHAPTER THREE 
RESULTS AND DISCUSSION 
RUNOFF QUANTITY, QUALITY AND LOADS.
Storm water runoff recharges the Missoula Aquifer over 
an area of approximately nine square miles 0 3  km*) through 
approximately 2,669 storm drains. Plate 1 is the land use 
map and shows the locations of the storm drains inventoried. 
82% of the storm drains are located in residential areas,
16% are found in commercial areas and 2% in industrial 
areas. I estimate that the impervious area in residential 
land use areas is 20,424,000 ft® (1.9 x lO'** m* ) , and in 
commercial land use areas is 7,877,000 ft* (7.3x10=* m * ).
I monitored five storms at the two composite sites to 
calculate runoff ratios that were used to estimate the 
runoff volume recharging the aquifer. Table 4 presents 
precipitation, impervious areas, calculated runoff ratios, 
and runoff quantity for the storms monitored. Data used to 
calculate the runoff ratios are found in Appendix C. Using 
an average annual precipitation of 13.29 in/yr (33.76 
cm/yr), average runoff ratios and impervious areas, 
approximately 119 million gallons (4.5 X lO® L) of storm 
water recharge the vadose zone annually (Table 5).
20
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Table 4: Runoff ratio calculations.
storm ppt area RO vol ROR
(in) (cm) (ft*) (m*) (gal) (1)
COMMERCIAL SITE
1986
June 28 .77 1.96 59200 4760 22950 86880 .69
Nov 5 .03 .13 59200 4760 900 3410 .82
RESIDENTIAL SITE
1986
June 4 .15 .38 351600 32680 6800 25670 .21
June 7 .37 .94 351600 32680 46600 176400 .57
Nov 6 .02 .05 351600 32680 2000 7670 .45
Table 5: Variables Used in Loading Calculations (mg/1) 
RESIDENTIAL SITE COMMERCIAL SITE
<33.76 cm)ppt 13.29 in (33.76 cm) 13.29 in
imp area 20,424,000 ft* (1.9x106 m*) 7,877,000
ROR .41 .76
EMC HCOa 40.0 27.3
EMC Cl 48.19 276.76
EMC SOx. 12.1 14.4
EMC NO3-N 0.38 0.70
EMC Ca 16.6 23.3
EMC Mg 3.6 4.4
EMC Na 30.9 172.8
EMC K 12.2 8.9
EMC TDS 165 517
EMC Cu 0.01 0.02
EMC Fe 0.21 0.42
EMC Pb 0.01 0.03
EMC Mn 0.21 0.26
EMC Zn 0.10 0.13
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Residential runoff makes up 58% of the calculated value and 
commercial runoff comprises 42%.
I collected runoff samples for water quality analysis 
from the two composite sites, two single drain sites and 
four parking lots. Runoff quality data collected is 
presented as Event Mean Concentrations in Table 6 for the 
composite drain sites and Table 7 for the single drain sites 
with their means and standard deviations. The data used 
for the EMC calculations are found in Appendix D and E. No 
snowmelt runoff data could be collected at the single drains 
sites because of ice in the collection device.
The trace metals most often detected in Missoula's 
runoff were iron, manganese, zinc, copper, and lead; 
cadmium, chromium and nickel are detected less frequently; 
no arsenic or mercury were found. Table 8 shows the 
frequency of detection of the each metal as compared to NURP 
findings and the range in concentrations measured. Table 9 
shows the annual quantity of dissolved constituents entering 
Class V Wells which was estimated using impervious drainage 
area, precipitat ion data, average R O R *s and E M C 's for 
residential and commercial land use areas.
Discussion
Runoff ratios were lower than expected (Table 4). 
Theoretically the runoff ratio should be close to 1 for 100% 
impervious areas. The runoff ratios estimated may be low 
due to the small amounts of precipitation typical of
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Table 6: Runoff event mean concentrations of composite
drain sites.
MISSOULIAN 
RESIDENTIAL SITE
04-Jun 07-Jun 06—Nov snowme1t mean sd
EMC HC03 55.5 19.7 47.5 37.4 40.0 13.4
EMC Cl 5.64 1.64 19.26 166.20 48.19 68.45
EMC S04 15.1 4.1 15.0 14.2 12.1 4.6
EMC ND3 0.68 0.09 0.08 0.67 0.38 0.30
EMC Ca 19.8 6.7 24.5 15.5 16.6 6.6
EMC Mg 4.0 1.2 6.2 3.0 3.6 1.8
EMC Na 7.4 2.3 5.0 109.0 30.9 45.1
EMC K 11.5 3.0 26.0 8.5 12.2 8.5
EMC TDS 122 39 144 356 165 117
EMC As <,005 <.005 <.005 <.005 0.000 0.000
EMC Cd <.001 <.001 <.001 <.001 0.000 0.000
EMC Cr <.02 <.02 <.02 <.02 0.00 0.00
EMC Cu 0.01 0.01 0.03 0.01 0.01 0.01
EMC Fe 0.29 0.09 0.30 0.16 0.21 0.09
EMC Pb 0.02 0.01 <.01 <.01 0.01 0.01
EMC Mn 0.21 0.05 0.43 0.16 0.21 0.14
EMC Ni <.03 <.03 <.03 <.03 0.00 0.00
EMC Hg <.001 <.001 <.001 <.001 0.000 0.000
EMC Zn 0.05 0.04 0.26 0.05 0.10 0.09
BLANCHE
COMMERCIAL SITE
28—Jun 05-NoV snowmeIt mean sd
EMC HC03 7.6 33.9 40.6 27.4 14.2
EMC Cl 1.13 10.02 819.13 276.76 383.53
EMC SCL 1.8 12.8 28.5 14.4 10.9
EMC NOa 0.22 0.75 1.12 0.70 0.37
EMC Ca 3.5 17.8 48.7 23.3 18.9
EMC Mg 0.4 3.2 9.6 4.4 3-9
EMC Na 1.6 8.9 507.9 172.8 237.0
EMC K 1.2 6.8 18.6 8.9 7.3
EMC TDS 18 97 1435 517 650
EMC As <.005 <.005 <.005 0.000 0.000
EMC Cd <.001 <.001 <.001 0.000 0.000
EMC Cr <.02 <.02 <.02 0.00 0.00
EMC Cu <.01 0.02 0.02 0.01 0.01
EMC Fe 0.11 1.04 0.13 0.42 0.43
EMC Pb <.01 0.08 <.01 0.03 0.04
EMC Mn 0.04 0.35 0.39 0.26 0.16
EMC Ni <.03 <.03 <.03 0.00 0.00
EMC Hg <.001 <.001 <.001 0.000 0.000
EMC Zn 0.05 0.27 0.08 0.13 0.10
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Table 7: Runoff event mean concentrations of single drain
si tes.
BLAINE
RESIDENTIAL SITE
30—Sep 18-Mar 15-May 25-May in0ân sd
EMC HC03 4.5 8.2 5.3 4.4 5.6 1.5
EMC Cl 1.01 0.74 0.56 0.24 0.64 0.28
EMC S04 1.8 1.2 1.2 0.8 1.2 0.3
EMC N03 0.15 0.09 0.12 0.05 0.10 0.04
EMC Ca 1.5 2.0 2.0 1.2 1.6 0.3
EMC Mg 0.3 0.2 0.3 0.2 0.2 0.0
EMC Na 0.6 1.5 0.9 0.6 0.9 0.4
EMC K 0.3 0.5 1.2 0.6 0.6 0.3
EMC TDS 11 16 12 8 12 3
EMC As <.005 <.005 <.005 <.005 0.000 0.000
EMC Cd <.001 <.001 <.001 <.001 0.000 0.000
EMC Cr <.02 <.02 <.02 <.02 0.00 0.00
EMC Cu~ <.01 <.01 0.01 <.01 0.00 0.00
EMC Fe <.03 0.09 0.07 <.03 0.04 0.04
EMC Pb <.01 0.01 <.01 <.01 0.00 0.00
EMC Mn <.02 0.02 0.04 <.02 0.01 0.01
EMC Ni <.03 <.03 <.03 <.03 0.00 0.00
EMC Hg <.001 <.001 <.001 <.001 0.000 0.000
EMC Zn 0.02 0.02 0.03 <.01 0.02 0.01
SOUTH
COMMERCIAL SITE
16-Mar 15-May 25-May mean sd
EMC HCOs 41.4 18.8 12.0 24.0 12.6
EMC Cl 25.31 6.33 1.37 11.00 10.31
EMC SO^ 8.1 6.3 1.9 5.4 2.6
EMC NOa 0.43 0.29 0.07 0.26 0.15
EMC Ca 8.7 6.9 3.8 6.5 2.0
EMC Mg 1.1 0.8 0.4 0.8 0.3
EMC Na 24.8 5.6 2.0 10.8 10.0
EMC K 2.7 2.0 0.8 1.8 0.8
EMC TDS 114 48 23 61 39
EMC As <.005 <.005 <.005 0.000 0.000
EMC Cd <.001 <.001 <.001 0.000 0.000
EMC Cr 0.04 <.03 <.02 0.01 0.02
EMC Cu <.01 <.01 <.01 0.00 0.00
EMC Fe 0.17 0.20 <.03 0.12 0.09
EMC Pb <.01 0.01 <.01 0.00 0.00
EMC Mn 0.07 0-10 0.03 0.07 0.03
EMC Ni <.03 <.03 <.03 0-00 0.00
EMC Hg <.001 <.001 <.001 0.000 0.000
EMC Zn 0.03 0.06 0.02 0.04 0.02
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Table 8: Frequency of detection of trace metals and arsenic
in runoff.
Freq. found 
range above det.
mg/1 This Study (%)*
Freq. found 
above det. 
NURP (X) 
(EPA,1982)
As - 0 1
Cd <0.001-0.001 0 2
Cr <0.02-0.04 7 2
Cu <0.01-0.03 57 20
Fe <0.03-1.04 79 77
Pb <0.01-0.08 36 6
Mn <0.02-0.74 86 72
Ni - 0 2
Hg - 0 2
Zn <0.01-0.26 93 84
C data for 14 storms was used for this compilation
Table 9: Estimated annual loading from runoff to the 
vadose zone.
COMM COMM RES RES TOT TOT
(Ib/yr) (kg/yr> (Ib/yr) (kg/yr) <Ib/yr) (kg/yr)
HCQs 11330 5140 23170 10510 34500 15650
Cl 114550 51960 27900 12650 142450 64610
SO» 5950 2700 7010 3180 12950 5880
NÜ3-N 290 130 220 100 510 230
Ca 9660 4380 9620 4360 19270 8740
Mg 1810 820 2090 950 3900 1770
Na 71520 32440 17890 8110 89410 40550
K 3670 1670 7070 3210 10750 4880
TDS 214010 97070 95590 43360 309600 140430
Cu 6.3 2.8 7.0 3.2 13.2 6.0
Fe 175.1 79.4 121.5 55.1 296.6 134.5
Pb 13.1 5.9 7.1 3.2 20.2 9.2
Mn 107.5 48.8 124.1 56.3 231.6 105.1
Zn 55.0 25.0 57.0 25.8 112.0 50.8
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Missoula storms, interception, depression storage, near zero 
valley floor slopes, high infiltration capacity of 
Grandsdale and Moeise soils, and measurement error caused by 
missing discharge data at the beginning of some storms 
before field personnel could get to the sampling site.
Runoff ratios were variable. Koppelman (1984) attributes 
variability to seasonal effects, storm duration and 
intensity, number of antecedent dry days and small number of 
data points. Generally, commercial land use areas have •
higher runoff ratios than residential land use areas. This 
may be due in part to the lack of canopy intercept ion at the 
commercial site.
Several sources probably contribute pollutants that are 
detected in Missoula's urban runoff (Table 6 and 7). Fossil 
fuel combustion contributes arsenic and nickel. Cadmium, 
copper, and chromium are released by corrosion of metal 
alloys. Zinc is a component of car tires and motor oil 
(Novotny and Chesters, 1901, E P A , 1982). Lead alkyls are an
antiknock additive in gasoline that are converted to lead 
halides during combustion (Boggess, 1977). Specific to 
Missoula, sand used on the roads in the winter contain iron, 
copper, zinc, manganese, and lead (English, 1986). The salt 
used on the roads for deicing is sodium chloride that 
contains one to five parts per million of iron, copper, 
sulfate, and magnesium (Clay, personal communication, 1900). 
Wet and dry atmospheric fallout contains major cations and
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anions <Juday and Keller, 1988, Moser et a l .. 1972).
Constituent concentrations in runoff samples collected
considerably both temporally and spatially. Factors 
that seem to contribute to this variability are length of 
time before a storm, land use, season, slope, population 
densi t y , soil type, precipitation character istics, and 
street cleaning methods (U.S.EPA, 1983). The important 
factors revealed by this study include length of time before 
a storm, land u s e , and season. A comparison of the 6—4—86 
and 6—7—86 storms at the Missoulian site demonstrates the 
effect of length of time between storms on runoff quality. 
Runoff was higher in dissolved constituents during the June 
4th storm which was proceeded by 12 days without rain as 
compared to the June 7th event which was proceeded by only 
one day without rain. Water samples from snowmelt and from 
May storms at the single drain sites collected 
simultaneously at the two land use sites indicate that 
commercial land uses tend to have higher contaminant 
concentrations. The snowmelt data also show a substantial 
seasonal increase in sodium and chloride due to the salting 
of sands used on roads in the winter. The higher impurity 
concentrations in snowmelt probably result from sanding the 
streets, the accumulation of pollutants over a long period 
of time until spring snowmelt, and freeze— thaw cycles that 
may concentrate impurities (Colbeck, 1981).
The annual load estimated from runoff injected through
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Class V Injection Wei Is (Table 9) assumes an average annual 
rainfall of 13.29 inches (33.76 cm), that only impervious 
3reas contribute runoff to storm drains, and that average 
constituent concentrât ions are representative of runoff 
quali ty.
The following section presents evidence for, and 
discusses the effect of the vadose zone on injected storm 
runoff and the resulting impact on the ground water system.
VADOSE ZONE INTERACTIONS AND GROUND WATER IMPACTS
I characterized the effect of the vadose zone on the 
quality of percolating runoff by comparing water quality 
data from runoff with data from the eight and thirteen feet 
(2.4 m and 4.0 m) lysimeters. I then correlated 
precipitation to ground water level fluctuations and water 
quality data to determine the impact of recharge derived 
from Class V Injection Wells on ground water quality. The 
following section presents the results of the lysimeter and 
ground water monitoring program at the single drain sites.
The stiff diagrams (Figure 5) represent water quality 
results for major anions and cations in runoff, vadose zone 
water, and ground water at the commercial and residential 
land use single drain sites for summer and snowmelt. At 
both sites and during both summer and snowmelt recharge, the 
vadose zone is a source of major cations and anions. At
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Figure 5: Stiff diagrams for the commercial and residential sites,
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both sites during snowmelt recharge, chloride and sodium 
concentrations increased dramatically, and the 
concentrations at the commercial site were the highest. At 
the 13 ft lysimeter, chloride concentrations were 239.1 mg/1 
and 153.2 mg/1 higher than background for the commercial and 
residential sites respectively. Background was calculated 
as the mean concentration of pre snowmelt data, 58.9 mg/1 
for the commercial site and 1.79 mg/1 for the residential 
site. Chloride and sodium concentrations are partially 
attenuated during snowmelt recharge.
Concentrations of major cations and anions in runoff 
increase during percolation through the vadose zone; 
consequently loads to the aquifer are higher than the loads 
estimated from runoff. Table 10 lists the percent change in 
major ion concentrations after recharge passed through 
approximately B ft (2.4 m) and 13 ft (3.9 m) of vadose zone. 
The percent change was determined by comparing the runoff 
E M C s  for a summer or fall event to concentrations found at 
the 13 ft (3.9 m) lysimeter. All parameters increased with 
depth on the order of several hundred to several thousand 
percent. Table 11 presents the adjusted estimated annual 
loading to the aquifer based on the percent change in 
concentrations calculated in Table lO. Loading estimates in 
this study were limited to data collected at a maximum depth 
of 13 ft (4.0 m ) . deeper lysimeters would better describe 
the total effect of the vadose zone on percolating runoff.
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Table 10: Effect of the vadose zone on percolating runoff.* 
RESIDENTIAL SITE** COMMERCIAL SITE***
storm
EMC
0ft
lys
X 13ft
lys
X storm
EMC
8ft
lys
X 13ft
lys
X
HCOa 4.5 87.4 + 1042 280.2 +6127 12.0 104.4 +770 367.2 +2960
Cl l.Ol 6.13 +507 1.43 +41 1.37 9.76 +612 95.20 ♦6849
SO* 1.8 6.8 +278 9.1 +405 1.9 10.3 +442 20.0 +953NO.-N 0.15 1.11 +640 2.6 + 1633 0.07 0.4 +471 0.6 +757
Ca 1.5 16.8 + 1020 53.5 +3467 3.8 28.1 +639 76.9 + 1924
Mg .26 2.8 +977 11.6 +4362 0.42 3.2 +662 16.0 +3710
Na .6 16.6 +2667 28.5 +4650 2.0 13.1 +555 48.3 +2315
K .3 1.8 +500 15.3 +5000 0.8 4.1 +413 7.8 +875
TDS 10.6
* concentratons 
** October 3 & 
*♦* June 6 4 19
143 +1249
in mg/1 
16, 1986 
, 1987
407.8 +3747 22.6 175 +674 542 +2300
Table 11: Estimated annual loading to the aquifer
c o m COMM RES RES TOT TOT
<Ib/yr1 (kg/yr > (Ib/yr) (kg/yr) (Ib/yr) (kg/yr
HCO» 346800 157310 1442770 654430 1789580 665760
Cl 7960070 3610620 39330 17840 7999400 132390
SO* 62620 28400 35390 16050 98010 22000
NO.-N 2470 1120 3820 1730 6280 2020
Ca 195480 88670 343030 155590 538510 165250
Mg 69130 31360 93140 42250 162280 44060
Na 1727090 783400 849760 385450 2576860 456960
K 35820 16250 360800 163650 396620 167330
TDS 5136300 2329780 3677440 1668060 8813740 1882070
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The trace metals most frequently found in runoff and 
lysimeter samples were iron, copper, manganese and zinc. 
Arsenic, chromium, cadmium, mercury, nickel and lead were 
rarely detected. Figure 6 shows the average concentrâtion 
of metals most frequently detected in all components of the 
system. At both sites snowmelt recharge has higher 
concentrations of copper, iron, and manganese than summer 
recharge. Vadose zone water beneath commercial land uses 
had higher concentrations of iron, zinc, and copper during 
summer runoff and snowmelt, and a higher frequency of 
detection of all metals (Table 12).
Moisture contents measured with the neutron probe were 
between 5.5 — 14.5 volume percent. Moisture content 
profiles were measured several times after a storm and 
results showed the same trends regardless of when the 
profile was taken. I feel that the very coarse grained 
nature of the vadose zone, the eight inch <20.3 cm) diameter 
disturbed zone we created during tube installation, the 
location of the access tube, and the small sphere of 
influence of the probe have prevented me from observing 
changes in moisture content through the vadose zone.
Precipitat ion and water level fluctuations at the 
commercial and residential wells are shown in Figures 7 and 
8 . (See Appendix C for all precipitation and head data). 
Figure 9 and lO show ground water concentrations of TDS and 
chloride plotted with water level fluctuations at the
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Table 12: Frequency of detection of heavy metals and
arsenic in pore water.
% found above d .1. 
residential (BW) 
n = 52
% found above d .1. 
commercial (SW) 
n = 28
Zn 62 100
Fe 29 54
Cu 21 68
Mn 15 46
Ni 4 21
Cr 6 18
Hg 2 18
Pb 0 7
As 4 0
Cd 0 4
Table
water
13: Number of times 
standards in runoff.
RUNOFF PORE 
n = 71 n =
parameter exceeded
WATER GROUND WATER 
80 n = 93
chloride 6 4 0
TDS 6 10 0
Cr 2 7* 0
Fe 11 7 3
Pb 3 0 0
Mn 45 13 0
Hg
* n
0
= 67
2 0
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Table 14: Results for oil and grease (mg/1)
Runoff
Oil and grease
Date Sample
26—Jan—87 
29-Jan-B7 
01—Feb—87 
05-Feb-87 
03-Feb-87 
86—Jan—87
27—Jan—87 
29-Jan-87 
01-Feb-87 
05-Feb-87 
13-Feb-87 
16-Mar-07 
27—Jan—87
M0160 
M0164 
M0168 
MO 175 
M01B2 
BO 161 
B0162 
B0165 
B0171 
B0173 
BQ1B4 
SD202 
BP163
mg/1
7 
4
14
2
8 
10 
10
7
7
6
6
3
11
Vadose zone
07—Feb—87 
16-Mar 87 
31-Mar-87
05-Apr-87
08-Apr-87 
lO-Apr-87
179
204
242
251
259
265
<1
1
1
2
<1
2
Ground water
07-Feb-87 SW180
27-Mar-87 SW228 
07-Feb-87 BUI77 
23-Mar-87 BW227
1
3
<1
<1
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commercial w e 11 and residential well. Figure II shows the 
change in nitrate ground water concentrations with water 
level fluctuations at the commercial well.
The only trace metals detected in ground water at 
either land use site was iron, and isolated occurrences of 
zinc and chromium. Figure 12 shows ground water iron 
concentrations and water level fluctuations vs. time for the 
commercial and residential sites. Table 13 summarizes the 
frequency of detection of pollutants found above drinking 
water standards in all components of the system.
The results of the few grab samples of runoff, pore 
water, and ground water for oil and grease are shown in 
Table 14. The EPA priority pollutants analysis are found in 
Appendix E, including detection limits and preservation. No 
EPA priority pollutants were detected in three runoff 
samples. In the two ground water samples all parameters 
were below detection with the following exceptions: at the
residential well (BW) tetrachloroethylene was detected on 
September 15, 1986 (6 ug/1) and June 24, 1987 <11 pg/l), and
bis (2—ethylhex 1) phthalate was detected on June 24, 1987
<40 and at the commercial well <SW) bis <2—ethylhexl)
phthalate was detected on June 24, 1987 <80 |4g/l).
Discussion
At both sites percolating storm runoff passed through 
about 50 to 60 ft <15 to 18 m) of unsaturated Quaternary -
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Recent gravel, sands and clays. These deposits are 
weathering products of Precambrian Belt quartzite, argillite 
and carbonate rocks deposited in the Missoula Valley 
(McMurtrey et. a l . . 1965.).
Concentrations of bicarbonate, calcium, magnesium, 
sodium, potassium, and sulfate, increase with depth due to 
mineral dissolution (Figure 5). Weathering of feldspars in 
Belt rock argillites releases sodium, potassium, magnesium, 
calcium which are leached through the vadose zone (Eriksson,
1985). The dissolution of carbonates present in the vadose 
zone adds calcium, magnesium, and bicarbonate to pore water 
(Drever, 1982). Nitrate concentrations most likely increase 
from nitrification of reduced forms of nitrogen present in 
runoff.
Salting the sands used on the roads during winter 
introduces high concentrations of sodium and chloride to 
runoff. Concentration in runoff reached 1589 mg/1 chloride, 
and 953 mg/1 sodium on the 26*'*’ of January at the commercial 
and residential outfall sites respectfully. The 
conservative behavior of chloride is reflected in the high 
concentrations found in the vadose zone and it's ultimate 
detection above background in ground water. Generally 
chloride is not expected to be significantly adsorbed, enter 
into oxidation reduction reactions, or form important solute 
complexes (Feth, 1981). However chloride concentrations are 
attenuated by adsorption and filtration in spite of i t ’s
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
44
ive nature when concentrations in pore water are 
high. Chloride can be adsorbed in small quantities 
providing exposure of 0H~ ions found on kao1ini te, which is 
present in Missoula Valley sediments (Chambers, 1970, and 
Sieja, 1959) and hydrous oxides of iron and aluminum (Feth, 
1981). Attenuation may also occur due to filtration; the 
large chloride ion may be held back in pore water passing 
through clays (Hem, 1985).
In contrast to the behavior of major cations and 
anions, trace metals are attenuated by the upper portion of 
the vadose zone (Figure 6 ). Probable reactions responsible 
for attenuation in the vadose zone are adsorption, 
precipitat ion, coprecipitation, and oxidation and reduction.
Metal concentrations in aqueous solutions are often 
lower than their solubilities should allow. This phenomena 
has been attributed to adsorption (Drever, 1982).
Hydroxides of iron and manganese, organic material and clay 
minerals are effective substrates for adsorbing trace metals 
(Jenne, 1975, Jenne, 1968, Anderson and Rubin, 1981). Jenne
(1975) states that in general, amorphous oxides are more 
effective trace element adsorbers than clay minerals, and 
that they are probably at least as important as organic 
matter complexation.
Amorphic hydroxides are ubiquitous in clays, soils and 
sediments, they have high surface areas, are reactive, and 
occur as partial coatings and discrete oxide particles
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(Jenne, 1968). Many studies summarized in Jenne <1975;
1968) provide evidence that heavy metals are removed from 
solution by coprecipitation and /or sorption on manganese 
and iron hydrous oxides. The most important factor 
effecting the availability of hydrous oxides are Eh and pH, 
where higher redox potential and higher pH favor their 
formation. The adsorption of metals on hydrous oxides is 
favored at higher pH and rapid uptake of the metal occurs 
within a narrow range in ph (Anderson and Rubin, 1981). The 
pH of the vadose zone is between 7.7 — 8.4 and conditions 
are most likely oxic; this favors the precipitation of 
hydrous oxides and adsorption of metals.
Organic matter in natural waters consists primarily of 
humic and fulvie substances which impart a yellow to light 
brown color to water (Hem, 1985, Jackson, 1985). Samples 
from both runoff and the shallow lysimeters were commonly 
light brown to yellow. Organic matter contain functional 
groups that interact with metal ions, metal oxides, metal 
hydroxides and minerals (Kerndorff and Schnitzer, 1980). 
Organic matter adsorbs onto particles with increasing pH. 
Sorbed organics change the surface properties by giving it a 
negative surface charge (Laxen, 1985, Davis, 1984), and 
provide reactive sites for metal complexation (Davis, 1984, 
Mantoura e^ aJL-t 1978). The association of organic matter 
and iron and aluminum hydroxides help prevent the transport 
of humic substances (Eriksson, 1985) and their associated
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complexes. Humic acids are normally insoluble at pH <
6-5 (Mentoura et al . . 19*78). When humic material dissolves, 
metals may be released in solution, especially those that 
form strong organic complexes such as copper (II). Organic 
material may also retain heavy metals from solution by 
maintaining iron and manganese oxides in a hydrous surface 
area state (Jenne, 1968).
Jenne (1975) proposes that the most important role clay 
size minerals pose in the attenuation of trace metals is 
that they provide a substrate for the precipitation and 
flocculation of organics and secondary minerals. Less 
importantly, clay minerals may also contain trace metals as 
structural components and exchangeable cations.
The higher concentrations of metals observed in the 
vadose zone during snowmelt recharge may be due to 
additional sources not present at other times, such as sands 
and salt, that become enriched in the snow during freeze— 
thaw cycles. Johannessen and Henriksen (1978) observe that 
in laboratory and field lysimeter experiments, 50 — 80% of 
the pollutant load is released with the first 30% of 
meltwater, and field data shows that 40% of the H* load was 
released with 15% of the meltwater. Perhaps initial 
meltwater containing higher concentrations of H^ increased 
the solubility of metal complexes. Meltwater may have 
caused a decrease in Eh and pH as a result of the vadose 
zone being frequently wetted to field capacity (Jenne,
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1968). During snowmelt recharge, when chloride 
concentrâtions are high, metals adsorption may be reduced 
due to competition with chiorocomplexes for adsorption sites 
(Solomons and Forstner, 1984).
In summary, vadose zone samples show that TDS 
concentrât ions increase and trace metal concentrations 
decrease as storm runoff recharge percolates to the water 
table. The following discussion evaluates the impact of 
urban runoff to the aquifer.
The correlation of precipitation data with small rises 
in the water table shows the impact of runoff recharge.
After precipitation in July, September, and March, the water 
table at the commercial well (SW) rose 0.69 ft (0.21 m ) ,
1.07 ft CO.32 m), and 0.47 ft (0.14 m) respectively (Figure 
7). The water table rises at the residential well (BW) were 
smaller, and were 0.20 ft (0.06 m ) , 0.47 ft (0.14), and 0.20 
ft (0.06 m) for precipitation in July, September, and March 
(Figure 8 ). Winter precipitation was in the form of snow 
which did not melt until late February, hence the lack of a 
correlation of winter time precipitation data with water 
level change. General water table trends are principally 
controlled by the rate of Clark Fork River leakage to the 
aquifer which causes ground water levels to begin to rise 
dramatically in late April (Clark, 1986). Water level rises
from runoff injection during this time appear to be too 
small to be recognized.
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At the commercial w el1, TDS concentrations during 
September, 1986, and late February — March, 1987, show a
***easurable increase during water level rise due to runoff 
injection (Figure 9), when recharge contains TDS 
concentrations that are above background ground water 
concentrations. The behavior of TDS is similar to that of 
bicarbonate, calcium, magnesium, and sodium (Appendix G). 
Chloride concentrations increase dramatically during water 
level rise from spring snowmelt when recharging pore water 
contains up to 500 mg/1 of chloride (Figure 10>. Ground 
water nitrate concentrations appear to be diluted by runoff 
injection (Figure 11), which would indicate that runoff is 
not contributing to the observed increase in nitrate 
concentrâtions down gradient in the Missoula aquifer (Clark,
1986). Sulfate and potassium concentrations show no 
measurable increase related to storm water injection 
(Appendix G ) . Table 15 shows my estimation of background, 
the highest concentration recorded due to runoff recharge 
reaching the water table and the concentrations above 
background. Background ground water concentrations are 
difficult to establish because recharge occurred during the 
weekly sampling period used to establish background.
However, background values were estimated by averaging the 
concentrations of samples collected when there was no runoff 
recharge.
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Table 15: Estimated background concentrations and change
due to runoff injection at the commercial well (SW) in mg/1
^^*"ameter Background High cone above
background
TDS 332 407 +75Cl* 7.37 25.40 +18.03HCOa 219 270 +51Ca 53.6 66 . O + 12.4
Mg 14.6 17.4 +2.8
Na 8.1 12.0 +3.9
At the residential site ground water concentrations of 
TDS show no correlation with recharging runoff (Figure 9). 
Chloride concentrations do not increase with snowmelt 
recharge (Figure iO). Chloride concentrations in the vadose 
zone were higher during snowmelt recharge than in the 
summer, however not as high as at the commercial site. 
Streets in residential areas are not salted or sanded as 
much as streets in commercial areas. The water levels rises 
due to runoff are not as pronounced as at the commercial 
site, and concentrations of major cations and anions did not 
increase in response to urban runoff. This may be due to a 
smaller volume of runoff being injected, lateral flow of 
recharge water in the vadose zone caused by a confining 
layer, or the monitoring well was not ideally located down 
gradient from the intake drain.
During snowmelt recharge, when pore water contained 
higher concentrations of iron, copper, and manganese, only 
iron was detected in the ground water. Iron concentrations 
in ground water remained below detection, <0.03 mg/1, until
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late February — March, 198V, when they rose to 0.35 mg/1 at 
the commercial site and to 0.39 mg/1 at the residential site 
during water level fluctuations attributed to injected 
snowmelt water reaching the aquifer.
Concentrations of oil and grease are greatly reduced in 
the ground water as compared to concentrations in runoff. 
Their detection in both samples at the commercial site 
indicates that there may be an impact to ground water from 
runoff draining commercial land use areas. I do not 
believe that the organic pollutants detected in the 
monitoring wells represent contamination from storm water 
injection because they were not detected in runoff samples. 
Results from the single drain monitoring sites show that 
there are water quality impacts to the Missoula aquifer 
close to the point of runoff injection, now the question 
becomes; is runoff injection degrading the water quality of 
the Missoula aquifer on a regional scale?
GROUND WATER IMPACTS FROM COMMERCIAL AREAS
The last phase of this study attempted to document the 
cumulative effects of urban runoff injected from commercial 
areas on the underlying ground water quality. TDS, 
chloride, copper, iron, manganese, and zinc concentrations 
at the four wells sampled around the Southgate mall parking 
lot (Plate 1) showed several water quality trends that might
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be attributed to regional urban runoff injection. I also 
evaluated the influence of the Clark Fork River recharge and 
aquifer dissolution to see if those effects could explain 
the water quality trends seen in the vicinity of the mall.
Plate 1 shows the locations of the sampling wells and 
the potent iometr ic surface for May 1907 in the area 
concerned. Appendix C contains the water level data from 
the wells monitored and Appendix E contains the water 
quality results. Figure 13 shows ground water 
concentrations of TDS, chloride, copper, iron and zinc at 
Southgate Office well (SO), Dearborn well (D W ), Engine 
Rebuilders well (EW), and Checker well (CW). The most down 
gradient well <CW) has a range in TDS concentration of 21 
mg/1 (6%). TDS concentrations increase down gradient from 
the Southgate Office well (SO) to the Checker Auto well 
(CM), a distance of 2,700 ft (823 m) by 43.5 mg/1, (14%
change). Average chloride concentrations in the down 
gradient well (CM) were 5.87 mg/1, approximately twice 
background. Chloride concentrations are also higher during 
spring snowmelt. The trace metals detected were copper, 
iron, manganese, and zinc, the same metals most frequently 
detected in runoff. Metal concentrations exceeded 
background levels, and higher concentrations and more 
frequent detection of trace metals occurred during sampling 
in February — April than May — July (Figure 13).
To evaluate the variations in ground water quality due
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f'scharge from the C 1 ark Fork River, I collected samples 
from the steel cased Madison Bridge wel1 (MB) which is 
located adjacent to the river (Plate 1). Results show a 
SO% change in TDS due to dilution in April — June, during 
increased recharge from the Clark Fork River. However, as 
the distance from the river increases, as seen at MV28, TDS 
concentrations only changed by 3%. MV28 is located in an 
area of the aquifer with few Class V Injection wells, about 
the same distance from the river as the mall parking lot.
Trace metals data from well (MB) show that 3 of 14 
samples contained iron and 2 of 14 samples contained zinc, 
and their detections show no correlation with increased 
river recharge (Appendix E). No other metals were detected. 
These occurrences are most likely due to the steel casing.
I compared changes in TDS between down gradient wells 
at different locations in the aquifer to evaluate what 
magnitude of natural aquifer dissolution to expect. Between 
wells MB to M V 3 , a distance of 1,990 ft (607 m), TDS 
concentrations increases by 3.7 mg/1, a one percent change. 
The aquifer in this area is not receiving urban runoff 
because runoff is collected by a storm water sewer system 
and discharged to the Clark Fork River. The change in TDS 
concentration between MV3 and BW, a distance of 3,000 ft 
(915 m) is 9.0 mg/1, a four percent change. Here the 
aquifer underlies a residential land use area served by 
Class V Wells.
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Discussion
Checker well (CW), the most down gradient monitored 
well (Plate 1), shows a larger range in TDS concentration 
than what is expected from recharge from the Clark Fork 
River at this distance from the river. The increase in TDS 
concentration between down gradient wells around the mall 
parking lot is above what can be explained by aquifer 
dissolution. Wells around the mal1 parking lot show the 
presence of copper, manganese, iron and zinc, the same trace 
metals most frequently detected in runoff. Sampling from 
the Madison Bridge well (MB) shows that recharge from the 
river is not contributing metals to the aquifer, and samples 
from the Blaine (BW) and South (SW) wells indicate that 
aquifer background concentrations of trace metals are below 
detection limits. The average concentrations of metals 
detected of samples from February through April are higher 
than samples collected from May through July. The increase 
in trace metal concentrations during the spring is 
consistent with results from the single drain monitoring 
sites.
These results imply that ground water in the commercial 
area monitored is receiving poor quality recharge relative 
to background aquifer conditions. This implication is not 
conclusive as the wells monitored were steel cased, open 
only at the bottom, finished at different depths, and not 
ideally located. It is clear, however, that the ground
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water located beneath this commercial area of the valley 
shows water quality changes that can be explained by urban 
storm water injection.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CONCLUSIONS AND RECOMMENDATIONS
Approximately 119 million gallons of storm water 
recharge the shallow coarse-grained Missoula Aquifer from 
mostly impervious areas in residential land use areas.
Runoff quality in Missoula is highly variable and depends 
mainly on season, land u s e , and length of time before the 
last rain. Runoff quality is a calcium bicarbonate type 
that contains of iron, manganese, zinc, copper, and lead. 
Snowmelt runoff is generally higher in constituent 
concentrations, especially chloride and sodium. Urban 
runoff from commercial areas is generally more polluted than 
runoff from residential areas and runoff contributes 309,600 
lbs (140,400 kg/yr) TDS to the vadose zone per year.
Urban runoff injected by Class V WelIs percolates 
through 20 — 70 ft of valley sediments before reaching the 
water table. The vadose zone is a source of bicarbonate, 
chloride, sulfate, nitrate, calcium, magnesium, sodium, and 
potassium to low TDS recharging runoff. The vadose zone 
attenuates trace metals introduced from runoff. During 
snowmelt recharge, pore water concentrations of chloride, 
copper, iron, manganese and zinc were higher than summer 
recharge, and chloride and sodium were partially attenuated. 
Trace metal detections and concentrations in pore water 
under commercial land use areas were higher than under 
residential land use areas. Loading to the aquifer of major
56
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cat ions and anions increase by several hundred to several 
thousand times above runoff due to vadose zone reactions. 
Estimated TDS loading to the aquifer is 8.8 million lbs per 
yGar (1.8 million kg/yr). Trace metal loading decreased 
during percolation through the vadose zone and was not 
quanti f i e d .
At the commercial site, ground water concentrations of 
bicarbonate, calcium, magnesium, sodium, and TDS increased 
due to urban runoff recharge. Nitrate concentrations 
appeared to be diluted. Concentrations of chloride and iron 
in ground water increased during snowmelt recharge.
Chloride only showed an impact at the commercial site; iron 
increased at both the commercial and residential sites. 
Although many trace metals and chloride exceeded drinking 
water standards in runoff, only iron exceeded drinking water 
standards in ground water.
Recommendat ions
Ground water quality sampling near Class V Injection 
WelIs indicates that aquifer quality is being degraded. 
Additional research on the dilutional ability of the aquifer 
and its dispersive properties is needed to characterize the 
extent of degradation. Efforts to mitigate impacts from 
Class V Wells should be concentrated in commercial land use 
areas. Because the majority of loading occurs from vadose 
zone reactions, efforts should be made to reduce the 
quantity of water entering the drains or provide additional
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
5 8
substrates for adsorption of pollutants such as grassed 
percolation areas used in Spokane Washington (Miller, 1983). 
These grassed percolation areas are shallow grass— 1ined 
infiltration basins that have demonstrated removal 
characteristics for toxic metals and organic carbon.
Adverse effects from spring snowmelt may be reduced by using 
alternative means of treating streets during the winter.
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SAMPLING PROCEDURES
The fo 1 lowing sample procedures were -followed for the 
collection of runoff, lysimeter, and groundwater samples. 
Specific procedures are discussed in the appropriate 
sect ions.
Polyethylene cubic one quart (950 ml) sample containers 
were acid washed with 50% hydrochloric acid which remains in 
the container for at least three hours, rinsed three times 
with deionized water and air dried. Specific conductance, 
temperature and pH were measured in the field and the sample 
was filtered through a Geofilter 0.45 micron filter 
apparatus. The sample container was rinsed three times with 
the sample and two containers were filled. One container 
was stored at 4®C for gross chemistry analysis and the other 
container was preserved by acidification with 3 ml of 
ultrapure Baker analyzed concentrated nitric acid. The 
Geofilter was rinsed with deionized water between samples 
and the filters replaced. Unfiltered samples for Oil and 
grease analysis were collected in glass bottles, preserved 
with 2 ml sulfur ic acid and cooled to 4*C. Samples for 
Kjeldahl nitrogen analysis were collected in plastic 
bottles, preserved with 2 ml sulfuric acid, and cooled to 
4*C. Unfiltered organic samples were collected in teflon 
capped amber glass bottles that were washed with acetone and 
rinsed with deionized water, air dried, and were then stored
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and transported at 4*C (USGS, 1977).
Samples to be analyzed for major cation and anions 
were transported to Dr. Juday‘s laboratory at the University 
of Montana Chemistry Department. Samples to be analyzed for 
trace elements were transferred to 120 ml acid washed 
polyethylene sample bottles and sent via UPS to Energy 
laboratories. Samples for oil and grease, Kjeldahl 
nitrogen, ni trate—ni trite were also sent to Energy 
Laboratories. Organic samples sent via UPS over night to 
Rocky Mountain Analytical Laboratories of Denver Colorado.
5% blanks, splits, duplicates and standard reference 
samples were sent to the contracted laboratories. Field 
blanks were taken by passing deionized water through the 
Geofilter and pump that have been field cleaned.
A chain of custody log were kept of each sample.
Samples were stored in the Geology Department storage room.
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6 7
SINGLE DRAIN SITE INSTRUMENTATION 
Lysxmeter construction and installation.
Two lysimeters were constructed of two inch (5-1 cm)
PVC pipe that was acid washed and rinsed- Nalgene tubing 
was used for the pressure and discharge tubing- The ceramic 
porous cups were acid washed and rinsed with deionized 
water - The shallow lysimeters were purchased from 
SoiImoisture. The deep lysimeters were constructed using 
PVC pipe, nalgene tubing and one bar high flow ceramic cups 
from Soil Moisture. The materials to make the lysimeters 
and the purchased lysimeters were acid washed with 50% 
hydrochloric acid and rinsed with deionized water -
Holes for lysimeters were drilled with a eight inch 
(20.3 cm) hollow auger with a three inch (7.6 cm) inside 
diameters hollow stem (Figure 14). Lysimeters were 
installed at approximately 8 ft (2-4 m ) and 13 ft (4 m) 
below ground surface to observe the effect of the vadose 
zone on the attenuation of pollutants. The porous ceramic 
cups were imbedded in 70 mesh silica sand that was wetted 
with deionized water, and the hole was backfilled with the 
original unsaturated zone material. Bentonite pellets were 
installed within ten feet (3 m) of the surface to prevent 
water from flowing down the outside of the lysimeter (Figure 
14) (Linden, 1977).
Neutron access tube installation
The hole for the 2 in (5.1 cm) aluminum pipe access
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tube was drilled with a eight inch (SO.3 cm) hollow auger 
with a three inch (7,6 cm) inside diameters ho 1 low stem 
(Figure 14). Both ends were capped with a rubber stopper.
Monitoring well construction
Wells were drilled by the forward rotary method 
equipped with a drill through casing driver. Air was used 
as a drilling fluid- Six inch (15.2 cm) steel casing was 
driven ten feet below the water table and four inch (10.2 
cm) PVC flush couple casing was set inside the six inch 
(15.2 cm) steel casing, and the steel casing was pulled out. 
Figures 15 and 16 illustrate the well design and the well 
logs at the commercial site (South) and residential site 
(Blaine) respectively. PVC casing was selected because it 
would not contaminate samples that were analyzed for trace 
metals. A study by Curran and Tomson (1983) indicates that 
rigid flush coupled PVC is acceptable for monitoring wells 
where sampling were done for trace organics if it is washed 
and rinsed before installation. The PVC casing was washed 
with Anapox laboratory detergent and rinsed with tap water. 
Wells were flushed after completion of the drilling by 
pumping for thirty minutes with a Johnson-Keck submersible 
p u m p .
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APPENDIX C
PRECIPITATION AND HEAD
SITE LOCATIONS KEY 
* MSL=MISSOULIAN SITE CENT=CENTINEL SITE B=BLAINE S=SOUTH
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DATE MSL PPT CENT PPT AIR PPT SOUTH WL STfiT S BLAINE WL STAT B
(in) (in) ( in) (ft) (ft) (ft) (ft)
17-May-86 0 0
18-Hay-86 0 T
19-May-86 0 T
2(i-May-86 0 T
21-t1ay-B6 0.23 0.48
22-May-66 0 0
£3-May-86 0 0
24-May-86 0 0
25-May-86 0 0
26-May-S6 0 0
2?-May-86 0 T
28-May-86 0 0
29-May-86 0
30-May-86 0 0
3l-M;.y-96 0 T
>! I
02-Jur-36 0 0
03- Juri-36 0^# 0.04
04-Jun-86 0.15 0.15 0.21 53.94 3136.37
05~Jun-86 0.33 0.33 0.39
06-Jun-86 0.3 0.27 0,3it 53 3137.31 60.05 3140.74
07-Jiiri-86 0.17 0.1 0.48 59.8 3140.99
08-Jun-86 0.2 0.82 0.13 59.5 5141.29
09-Jun-86 0 0 T 59.3 3141.49
IO-Jun-86 0 0 0 59.1 3141.69
1l-Jun-66 0 0 0 59 3141.79
12-Jun-86 0 0 0 59 3141.79
13-Jun-86 0 0 0 51.6 3138.71 58.99 3141.8
14-Jun-36 0.1 0.08 0.07 59 3141.79
15-Jun-86 0 0 0 59.01 3141.78
16-Jun-86 0 0 59 3141.79
17-Jun-86 0 0 59 3141.79
18-Jun-86 0.05 T 59.08 3141.71
19-Jun-86 0 0 51.4 3138.91 59.1 3141.69
20-Jun-86 0 0.05 51.42 3138.89 59.23 3141.56
El-Jun-B6 0 0 51.4 3138.91 59.27 3141.52
E2-Jun-86 0 0 51.45 3138.86 59.38 3141.41
23-Jun-86 0 0 51.65 3138.66 59.51 3141.28
24-Jun-86 0 0 0 51.78 3138.53 59,61 3141.19
E5-Jun-86 0 0 0 52.03 3138.28 58.87 3141.92
26-Jun-86 0 0 0 52.18 3138.13 60.02 3140.77
27-Jun-86 0 0 0 52.28 3138.03 60.11 3140.68
ES-Jun-B6 0.77 0.66 0.87 52.37 3137.94 60.11 3140.68
29-Jun-86 0.3 0.34 0.08 52.26 3138.05 60.11 3140.68
30-Jun-86 0 0 0 52.23 3138,08 60.11 3140.63
Ol-Jul-86 0 0 0 52.27 3138.04 60.28 3140.51
02-Jul-86 0 0 0 52.42 3137.89 60.25 3140.54
03-Jul-86 0 T 52.47 3137.84 60.38 3140.41
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DATE MSL PPT CENT PPT AIR PPT SOUTH WL STAT S
7.
BLAINE WL STAT S
tin) (in) ( in) (ft) (ft) (ft) (ft)
OA-Jul-86 0.67 0.63 52.15 3138.16 60.4 3140.39
05-Jul-86 0 T 51,97 3138.34 60.35 3140.44
Oà-Jul-36 0 0 51.87 3138.44 60.25 3140.54
u7-Jul-86 0 0 51.81 3138.5 60.25 3140.54
u8-JuI~B6 0 0 T 51.96 3136.35 60.25 3140.54
09-Jul-86 0.2 0.2 0.1 52.04 3138.27 60.21 3140.58
lO-Jul-86 0.05 0.05 0.06 52 3138.31 60.25 3140.54
1l-Jui-86 0 0 0,04 52,03 3138.28 60.26 3140.53
12'JuI-86 0 0 0 51.78 3138.53 60.23 3140.56
13-Jul"36 0 0 0 51.33 3138.48 60.-2 3140.59
tA-Jul-86 0 0 0 51.93 3138.38 60.23 3140.56
15-Jul-86 0 0 0 52,32 3137.99 60.35 3140.44
16-Jul"86 0 0 O.Oi 60.43 3140.36
17-Jul"86 0 0 0 52.2 3138.11 60.5 3140.29
iS-Jül“36 0 0 0 52.25 3138.06 60.6 3140.19
19"Jül"B6 0 0 0 52.33 3137.98 60.68 3140.11
30“Jul"86 0 0 0 52.44 3137.37 60.73 3140.06
Sl~Jul"86 0 0 0 52.6 3137.71 60.98 3139.81
22-Jui-86 0 0 0 52.89 3137.42 61.08 3139.71
23-Jul-86 0 0 0 53.12 3137.19 61.21 3139.58
24-Jul"86 0 0 0 53.36 3136.95 61.39 3139.4
E5"Jul-86 0 0 0 53.52 3136.79 61.46 3139.33
£6-JuI"86 0 0 0 53.51 3136.8 61.46 3139.33
27-Jul-86 0 0 0 53.52 3136.79 61.78 3139.01
£9-Jui-86 0 0 0 53.68 3136.63 61.9 3138.89
29-3ul-86 0 0 0 53.97 3136.34 61.98 3138.81
30"]ul"86 0 0 0 54.18 3136.13 61.98 3138.31
31"Jiil"86 0 0 0 54.29 3136.02 62.22 3138.57
Ol-Aug-36 0 0 0 62.38 3138.41
02-Aug-B6 0 0 0 62.48 3138.31
03-ftug-86 0 0 0.1 62.45 3138.34
04-Aug-86 0 0 0 62.45 3138.34
05-Aug-86 0 0 0 62.45 3138.34
06-Aug-86 0 0 0 55 3135.31 63 3137.79
07-Aug-86 0 0 0 63.07 3137.72
08-Aug-86 0 0 0 63.2 3137.59
09-Aug~86 0 0 0 63.31 3137.48
10"Aug-86 0 0.04 63.35 3137.44
11-Aug-86 0 0.05 63.43 3137.31
12-Aug-86 0.25 0.28 63.48 3137.31
13-Aug-36 0 0 T 63.48 3137.31
14-Aug-86 0 0 0 63.48 3137.31
15-Aug-86 0 . 0 0 63.64 3137.15
16-Aug-66 0 0 0 63.72 3137.07
17-Aug-86 0 0 T 63.81 3136.98
18-Aug-86 0 0 0 63.92 3136.07
19-Aug-86 0 0 0 64 3136.79
20-Aug-B6 0 0 0 64.14 3136.65
21-Aug-86 0,02 0.02 0,03 64.24 3136.55
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DATE fISL PPT CENT PPT AIR PPT SOUTH WL STAT S BLAINE WL STAT B
(in) (in) ( ml (ft) (ft) (ft) (ft)
22-Aug-96 0 0 0 64.27 3136.52
23-Aug-66 0 0 0
24-Aug-86 0 0 0
E5-Aug-B6 0 0 0
26-Aug-86 0 0 0
27-Aug-86 0 0 0
28-Aug-86 0 0 0
29-Aug-96 0.22 0.22 0.32
30-Aug-86 0.02 0.02 0.12
3i~Aug-36 0.64 0.64 0.74
01-Sep-06 0.22 0.22 0.32 64.77 3136.02
02-Sep-86 0.02 0.02 0.02 64,67 3136.12
03-Sep-66 0 0 0 55.97 3134.34 64.57 3136.22
04-Sep-86 0 0 55.94 3134.37 64.39 3136.4
05-Sep-86 0 0 56.01 3134.3 64.39 3136.4
Oô-Sep-86 0 0 64.39 3136.4
07-3ep-86 0 t 64.39 3136.4
08-Sep-86 0.72 1.05 55.82 3134.49 64.39 3136.4
09-Sep-86 0 0 55.64 3134.67 63.38 3137.41
1O-Sep-86 0 t 55.69 3134.62 64.37 3136.42
ll-Sep-86 0 t 55.55 3134.76 64.32 3136.47
12-Sep-86 0 0,02 55.38 3134.93 64.3 3136.49
13-Sep-86 0.04 0.07 64.3 3136.49
14-Sep-86 0.18 0.14 64.3 3136.49
15-Sep-86 0.15 0.2 55.26 3135.05 64.32 3136.47
16-Sep-86 0.12 0.11 55.38 3134.93 64.32 3136.47
17-Sep-36 0.15 0.45 55.16 3135.15 64.32 3136.4?
18“Sep-86 0.05 0.5 0.47 55.18 3135.13 64.32 3136.47
19-Sep-86 0 0 0 55.1 3135.21 64.32 3136.47
20-Sep-86 0.13 0.13 0.28 64.32 3136.47
21-Sep-86 0 0 0 64.32 3136.47
22-Sep-86 0 0 0 54.94 3135.37 64.32 3136.47
E3-Sep“86 0 0 0 54.95 3135.36 64.32 3136.47
24-Sep“86 0.05 0.05 0.03 64.32 3136.47
2S-Sep-86 0 0 0.07 64.32 3136.47
26-Sep-86 0.03 0.03 0.01
27-Sep-86 0 0 t
2B-Sep-86 0.07 0.05 0.04
29“Sep-86 0 0 0.04
30-Sep-86 0.27 0.42 0.22
Ol-Oct-86 0 0 T 54.99 3135.32 64.08 3136.71
02-0ct-86 0 0 0 55.15 3135.16 64.08 3136.71
03-0ct-86 0 0 0 55.17 3135.14 64.18 3136.61
04-0ct-86 0 0 0 55.44 3134.87 64.21 3136.58
05-0ct-86 0 0 0 55.4 3134.91 64.2 3136.59
06-Oct-86 0 0 0 55.3 3135.01 64.38 3136.41
07-0ct-B6 0 0 0 55.33 3134.93 64.38 3136.41
08-Dct-86 0 0 0 55.37 3134.94 64.38 3136.41
09-Dct-86 0 0 55.38 3134.93 64.4 3136.39
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DATE HSL PPT CENT PPT AIR PPT SOUTH WL STAT S 1BLAINE WL STAT B
(in) (in) ( in) (ft) (ft) (ft) (ft)
IO-Oct-8 6 0 .1 2 0.36 55.48 3134.83 64.4 3136.39
i!-Gct- 8 6 0 0 55.51 3134.8 64.51 3136.28
!2-0ct-86 0 0 55.51 3134.3 64.59 3136.2
13-0ct-86 0 0 0 55.65 3134.66 64.85 3135.94
14-0ct-S6 0 0 0 55.71 3134.6 64.9 3135.89
l5-0ct-86 0 Û 0 55.75 3134.56 65 3135.79
ià-Oct-8 6 Ô 0 0 55.S 3134.51 65.06 3135.73
17-Dct-86 0 0 0 55.8 3134.51 65.09 3135.7
13-0ct-86 0 0 0 55.92 3134.39 65.16 3135.63
19-0ct-86 0 0 0 56.07 3134.24 65.25 3135.54
2 0-0ct-B6 0 0 0 56.07 3134.24 65.33 3135.46
El-0ct-8i 0 0 0 56.07 3134.24 65.35 3135.44
2 2-0ct- 8 6 0 0 0 56.1 3134.21 65.4 3135.39
23'0ct-86 0 0 0 56.1 3134.21 65.49 3135.3
24-0ct-86 0 0 0 56,26 3134.05 65.55 3135.24
25-0c t-86 0 0 0 65.64 3135.15
E6-0ct-8 6 0 0 0 65.71 3135.08
27-0ct-86 0 0 0.03 65.3 3134.99
ES"Qct-06 0 0 0 65.81 3134.98
E9-0ct-36 0 0 T 56.91 3133.4 65.88 3134.91
30"Qct*86 0.04 0.04 0.04 56.93 3133.38 65.99 3134.8
31-Qct-Bi 0 0 0.01 57.08 3133.23 66 3134.79
Ul"Nov"36 0 0 0 57.15 3133.16 66.1 3134.69
02-Nov-36 0 0 0 57.26 3133.05 66.15 3134.64
O3-N0V-86 0 0 0 57.31 3133 66.28 3134.51
04-Nov-86 0 0 0 57.34 3132.97 66.28 3134.51
Q5-Nov*8à 0.13 0.15 0.07 57.4 3132.91 66.3 3134.49
Ç6-N0V-86 0 .1 0.05 0.06 57.42 3132.89 66.32 3134.47
Û7-N0V-86 0 .1 0 .0 2 0 .01 57.5 3132.81 66.39 3134.4
08“Nov'86 0.05 0.13 0.04 57.53 3132.73 66.39 3134.4
O9-N0V-8 6 0 .1 0.15 0.06 57.53 3132.78 66.5 3134.29
îÛ“Noÿ-06 0 0 0 57.65 3132.66 66.54 3134.25
1i-Nov-36 0.15 0.15 66.63 3134.16
1E-No¥-B6 0 0 0 57.64 3132.67 66.63 3134.16
l3-Nov-36 0 0 T 57.67 3132.64 66.63 3134.16
I4-N0V-8 6 0.15 0.1 0.07 57.7 3132.61 66.63 3134.16
I5-N0V-B6 0 0 T 57.8 3132.51 66.63 3134.16
I6-N0Ÿ- 8 6 0 0 0 57.92 3132.39 66.63 3134.16
I7-N0V-B6 0 0 .0 2 0.03 57.98 3132.33 66.63 3134.16
I8-N0V- 8 6 0 .2 0.15 0.16 58 3132.31 66.63 3134.16
19-Nov~86 0 0 T 58.02 3132.29 66.63 3134.16
EO-Nov-8 6 0 0 I 58.12 3132.19 66.63 3134.16
21-Nov-8 6 0 0 T 58.12 3132.19 66.63 3134.16
E2-N0V-86 0.03 0.05 0.03 58.12 3132.19 66.74 3134.05
E3-Ndv"B6 0 0 I 58.12 3132.19 66.74 3134.05
24-N 0V-86 0 0.05 0.02 58.23 3132.08 66.75 3134.04
E5-Nov-86 0 0 0 58.25 3132.06 66.78 3134.01
E6-N0V-8 6 0.04 0.03 0.03 58.28 3132.03 66.79 3134
27-NÜV-86 0.4 0.34 0.34 58.27 3132.04 66.6 3133.99
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DATE HSL PPT CENT PPT AIR PPT SOUTH HI STAT S BLAINE WL STAT B
(in) (in) (in) (ft) (ft) (ft) (ft)
2 3-N0V-B6 0 0 T 58.32 3131.99 66.8 3133.99
29-N0V-86 0 0 T 58.32 3131.99 66.8 3133.99
30-Nov-86 0 0 0 58.32 3131.99 66.8 3133.99
01-Dec-86 0.02 0.02 0.01 58.4 3131.91 66.3 3133.99
O2-D0C-86 0 0 0 53.41 3131.9 66.8 3133.99
03-Dec-S6 0 0 0 58.41 3131.9 66.8 3133.99
04-Dec-86 0 0 0 58.41 3131.9 66.8 3133.99
05-Dec-86 0.33 0.42 0.43 58.36 3131.95 66.8 3133.99
06-Dec-36 0.04 0.02 0.03 58.45 3131.86 66.8 3133.99
07-Dec-86 0 0 0 58.55 3131.76 66.98 3133.31
03-Dec-86 0 0 0 53.56 3131.75 6 6 .9 3 3133.81
09-Dec-86 0 0 T 58.56 3131.75 66.98 3133.31
lO-Dec-36 0 0 0 58.56 3131.75 66.98 3133.31
ll-Dec-86 0 0 T 58.56 3131.75 66.98 3133.81
12-Dec-36 0 0 0 58.56 3131.75 67.2 3133.59
13-Dec-36 0 0 T 58.56 3131.75 67.5 3133.29
14-Dec-36 0 0.01 0.02 58.82 3131.49 68.04 3132.75
15-Dec-36 0 0 0 58.82 3131.49 68.03 3132.76
16-Dec-86 0 0 Î 58.82 3131.49 68.03 3132.76
17-Dec-86 0 0 0 58.82 3131.49 68,07 3132.72
18-Dec-86 0 0 T 58.82 3131.49 68.11 3132.68
19-Dec-86 0 0 T 58.84 3131.47 68.14 3132.65
20-0ec-86 0 0 0 58.95 3131.36 68.16 3132.63
21-Dec-86 0 0 0 59.05 3131.26 68.23 3132.56
EE”Dec"36 •J 0 0 59.1 3131.21 68.29 3132.5
E3-Dec-S6 0 0 0 59.1 3131.21 68.3 3132.49
24-Dec-86 0 0 0 59.1 3131.21 68.31 3132.48
25-Dec-86 0 0 0 59.1 3131,21 68.34 3132.45
26-Dec-86 0 0 0 59.1 3131.21 63.38 3132.41
27-Dec-86 0 0 0 59.3 3131.01 63.42 3132.37
29-Dec-66 0 0 0 59.42 3130.89 68.44 3132.35
29-Dec-86 0 0 0.01 59.46 3130,85 68.51 3132.28
3O-Dec-06 0 0 T 59.46 3130.05 68.54 3132.25
31-Dec-86 0 0 0 59.48 3130.83 68.56 3132.23
Ol-Jan-07 0 0 I 59.57 3130.74 68.6 3132.19
02-Jan-B7 0.15 0.08 0.1 59.6 3130.71 66.64 3132.15
03-Jan-37 0.05 0.05 0.02 59.67 3130.64 68.65 3132.14
04-Jan-87 0 0 I 59.66 3130,65 68.65 3132.14
05-Jan-B7 0 0 T 59.65 3130.66 68.66 3132.13
06”Jart-87 0 0 T 59.66 3130.65 68.66 3132.13
07-Jan-87 0 0 0 59.67 3130.64 68.75 3132.04
08-Jan-87 0 0 0 59.67 3130.64 68.79 3132
09-Jan-87 0 0 T 59.67 3130.64 68.81 3131.98
IO-Jan-87 0 0 0 59.67 3130.64 68.85 3131.94
ll-Jan-87 0 0 0 59.8 3130.51 68.88 3131.91
12-Jan-87 0 0 0 59.80 3130.43 63.92 3131.87
13“Jan-B7 0 0 0.01 59.95 3130.36 68.93 3131.86
14-Jan-87 .05 .05 0.01 59.91 3130.4 68.93 3131.86
15“Jan-87 0 0 0 59.92 3130.39 63.95 3131.94
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DATE HSL PPT CENT PPT AIR PPT SOUTH WL STAT S BLAINE WL STAT B
(in) (in) (in) (ft) (ft) (ft) (ft)
16-Jan-87 0 0 0 59.92 3130.39 68.96 3131.33
17-Jan-87 0 0 60 3130.31
18-.Jan-87 0.05 0.05 T 60.01 3130.3
19*Jan-S7 0 0.01 60.02 3130.29
?0-Jan-S7 0 0 60.02 3130.29
21-Jan-87 0 0 0 60.03 3130.28
22-Jan-87 0 0 0 60.03 3130.28
23-Jan-B7 0 0 0 60.05 3130.26
2A-Jan-07 0 0 T 60.05 3130.26
25-Jan-87 0 0 T 60.12 3130.19
26-.Jan-87 0.17 0.17 0.12 60.12 3130.19
E7-Jan-87 0.03 0.03 T 60.12 3130.19
ES-Jan-37 0 0 T 60.12 3130.19
29-Jan-87 0 0 0.01 60.12 3130.19
30-Jan-37 0 0 0 60.12 3130.19
31-Jan-87 0 0 T 60.12 3130.19
Ol-FeO-87 0.1 0.06 0.11 60.12 3130.19
02-Fefa-37 0.15 0.15 0.07 60.12 3130.19
03-Feb-B7 0 0.04 T 60.49 3129.82 70.7 3130.09
04-Feb-87 0 0 T 60.49 3129.82
05-Feb-37 0 0 0 60.53 3129.78
06-Fsb"B7 0 0 0 60.53 3129.78
07-Feb“87 0 0 0 60.43 3129.88
OB-Feb-87 0 0 0 60.49 3129.32 69.39 3131.4
09-Feb-87 0 0 0 60.51 3129.8
lO-Feb-87 0 0 0 60.51 3129.8 69.62 3131.17
11-Feb-87 0 0 0 60.58 3129.73 69.65 3131.14
ie-Feb-87 0 0 0 60.57 3129.74 69.68 3131.11
13-Feb-87 0.14 0.1 0.12 60.59 3129.72 69.7 3131.09
14-Feb-87 0 0 T 60.59 3129.72 69.71 3131.00
15-Feb-87 0 0 0 60.67 3129.64 69.79 3131
16-Feb-87 0 0 0.02 60.78 3129.53 69.79 3131
17-Feb-07 0 0 T 60.78 3129.53
18-Feb-87 0 0 T 60.58 3129.73
19-Feb-87 0.05 0.02 0.03 60.58 3129.73 71 3129.79
20-Fafa-87 0 0 0.01 60.75 3129.56
21-Feb-87 0 0 0 60.75 3129.56
22-Feb-87 0 0 T 60.8 3129.51
23-Feb-87 0 0 0 60.8 3129.51 70.64 3130.15
24-Feb-87 0 0 0 60.65 3129.66
25-Feb-87 0 0 0 60.73 3129.58
26-Feb-87 0 0 0 60.73 3129.58
27-Feb-87 0.05 T 60.73 3129.58
28-Feb-B7 0 0 0.01 60.75 3129.56
Ol-Mar-87 0 0 T 60.75 3129.56
02-Mar-87 0 0 0 60.75 3129.56 69.95 3130.84
O3-Har-07 0 0 T 60.75 3129.56 69.95 3130.84
04-Mar-87 0 0 0 60.75 3129.56 69.95 3130.84
05-Mar-87 0 0 0 60.75 3129.56 69.95 3130.34
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DATE MSL PPT CENT PPT AIR PPT !SOUTH WL STAT 3 iBLAINE WL STAT B
( in) ( in) ( in) (ft) (ft) (ft) (ft)
06-Har-87 0,06 0.12 60.75 3129.56 69.95 3130.84
07-Mar-87 0 0 0 60.3 3129.51 70 3130.79
08-Mar-87 0 0 0 60.8 3129.51 70 3130.79
09-Mar-87 0.06 0.0? 60.95 3129.36 70 3130.79
lO-Mar-97 0 0 0.02 60.95 3129.36 70 3130.79
1 l-Mar-87 0 0 0.01 60.95 3129.36 70 3130.79
12-Mar-87 0 0 0 60.88 3129.43 70 3130.79
13-t1ar-37 0.35 0.1 0.11 60.83 3129.43 70 3130.79
14-Mar-87 0 0 V 60.38 3129,43 70 3130.79
15-Har-87 0 0 0 60.88 3129.43 70 3130.79
16-Mar-87 0.2 0.08 60.95 3129.36 70 3130.79
17-Mar-87 0 T 60.95 3129.36 70 3130.79
18-Mar-87 0,59 0.34 60.95 3129.36 70 3130.79
19-Mar-87 0.26 0.23 60.95 3129.36 70 3130.79
20-Mar-B7 0.09 0^^ 60.95 3129.36 70 3130.79
2!-Mar-87 0 0 60.84 3129.47 69.8 3130.99
22-«ar-87 0 0 60.84 3129.47 69.87 3130.92
23-Mar-87 0 0 60.69 3129.62 69.87 3130.92
24-Mar-87 0 0 60.62 3129.69 69.8 3130.99
25-Mar-87 0 0 60.62 3129.69 69.8 3130.99
26-Mar-87 0 0.03 60.55 3129.76 69.8 3130.99
27-Mar-87 0.05 0.15 60.5 3129.81 69.86 3130.93
28-t1ar-87 0 T 60.40 3129.33 69.86 3130.93
29-Mar-87 0 0 60.68 3129.63 69.86 3130.93
30-Har*£7 0 0 60.68 3129.63 69,36 3130.93
31-Mar-87 0 0 60.73 3129.53 69.8 3130.99
Oi-Spr-87 0 0 60.87 3129.44 69.86 3130.93
02-Apr-37 0 0 60.83 3129.48 69.85 3130.94
03-Apr-87 0 0 60.76 3129.55 69.85 3130.94
04-Apr-87 0 0 60.8 3129.51 69.85 3130.94
05-Apr-87 0,2 0.1 69,85 3130.94
06-Apr-87 0 0.01 69.93 3130.86
07-Apr-87 0 T 61 3129.31 69.95 3130.84
08-Apr-87 0 0.05 60.93 3129.38 69.92 3130.87
09-Apr-87 0 0 60.95 3129.36 69.9 3130.89
lO-Apr-87 0 0,01 60.30 3129.43 69.9 3130.89
11-Apr-87 0,02 0.03 60.85 3129.46 69.37 3130.92
12-Apr-87 0.03 0.04 60.35 3129.46 69.3 3130.99
13-Apr-87 0 0 60.51 3129.8 69.7 3131.09
14-Apr-87 0 0 60.58 3129.73 69.7 3131.09
15-Apr-B7 0 0 60.52 3129.79 69.68 3131.11
16-Apr-87 0 0 60.43 3129.88 69.65 3131.14
17-Apr-B7 0 0.02 60.45 3129.86 69.61 3131.18
18-Apr-87 0.05 0.06 60.55 3129.76 69.6 3131.19
19-Apr-87 0 T 60.56 3129.75 69.58 3131.21
20-Apr-87 0 0 60.44 3129.87 69.52 3131.27
2I-Apr-87 0 0 60.43 3129.88 69.4 3131.39
E2-Apr-87 0 0 60.5 3129.81 69.3 3131.49
23-Apr-87 0,05 0.04 60.48 3129.83 69.3 3131.49
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30
BATE MSL PPT CENT PPT AIR PPT SOUTH WL STAT S BLAINE WL STAT B
( in) ( in) (in) (ft) (ft) (ft) (ft)
24-Apr-87 0 0 60.3 3130.01 69.3 3131.49
25-Apr-87 0 0 60.36 3129.95 69.25 3131.54
26~ApfS7 0 0 60.4 3129.91 69.2 3131.59
27-Apr-87 0 0 60.52 3129.79 69.15 3131.64
28-Apr-37 0 0 T 60.39 3129.92 69.15 3131.64
29-Apr-97 0 0 T 60.35 3129.96 69.07 3131.72
30-Apr-87 0.06 0.06 0.05 60.34 3129.97 69 3131.79
01-May-87 0.05 0.05 0.11 60.25 3130.06 68.98 3131.81
02-May-87 0 0 T 60.13 3130.13 68.3 3131.99
03-May-87 0 0 T 59.83 3130.43 68.58 3132.21
04-May-87 0 0 0 59.83 3130.43 63.34 3132.45
05-May-37 0 0 0 59.8 3130.51 68.3 3132.49
06-May-87 0 0 0 59.75 3130.56 68.2 3132.59
07-May-87 0 0 0 59.64 3130.67 68 3132.79
08-l1ay-B7 0 V T 59.51 3130.8 67.54 3133.25
09-May-87 0 0 0 59.41 3130.9 67.5 3133.29
lO-May-87 0 0 0 59.1 3131.21 67.2 3133.59
n-May-37 0 0 0 58.93 3131.38 66.8 3133.99
12-May-87 0.03 0.03 0.01 58.75 3131.56 66.65 3134.14
13-May-8? 0 0 T 58.55 3131.76 66.4 3134.39
14-May-87 Ô 0 0 58.35 3131.96 66.4 3134.39
15-Nay-87 0.4 0.33 0.26 58.33 3131.98 66.4 3134.39
lo-May-87 0 0 0.01 58 3132.31 66 3134.79
17-May-87 0 0 0 57.6 3132.71 65.35 3135.44
lB-Hay-87 0 0 T 57.25 3133.06 65.15 3135.64
19-May-87 0 0 T 57.17 3133.14 65.03 3135.71
20-May-87 0 0 T 56.99 3133.32 64.99 3135.8
21-May-87 0 0 0.01 56.72 3133.59 64.75 3136.04
22-May-87 0 0 T 56.51 3133.0 64.6 3136.19
23-Hay-87 0.07 0.02 0.01 56.44 3133.87 64.5 3136.29
24-May-87 0.08 0.08 0.02 56.2 3134.11 64.4 3136.39
25-May-B7 0.4 0.4 0.32 55.92 3134.39 64.22 3136.57
26-May-87 0 0 0.01 55.75 3134.56 64 3136.79
27-May-87 0.25 0.2 0.14 55.45 3134,86 63.93 3136.86
28-May-87 0 0 0.04 55.26 3135.05 63.7 3137.09
29-May-87 0 0 0 54.9 3135.41 63.16 3137.63
30-May-87 0.03 0.03 0.01 54.9 3135.41 63 3137.79
31-Hay-87 0.32 0.25 0.36 54.7 3135.61 62.88 3137.91
Ol-Jun-87 0 0 0 54.55 3135.76 62.67 3138.12
02-Jun-87 0 0 0 54.29 3136.02 62.5 3138.29
03-Jun-97 0 0 0 54.2 3136.11 62.3 3138.49
04-Jun-67 0 0 T 54,15 3136.16 62.25 3138.54
05-Jun-87 0 0 T 54.12 3136.19 62.22 3138.57
06-Jun-87 0 0 0 54.12 3136.19 62.22 3133.57
07-Jun-87 0 0 0.03 54.07 3136.24 62.18 3138.61
08-Jun-87 0.09 0.09 0.1 54 3136.31 62.14 3138.65
09-Jun-87 0.13 0.15 0.03 53.95 3136.36 62.14 3133.65
lO-Jun-87 0 0 0 53.78 3136.53 62.05 3133.74
11-Jun-87 0 0 0 53.85 3136.46 61.93 3138.86
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DATE MSL PPT CENT PPT AIR PPT SOUTH WL STAT S BLAINE WL STAT B
(in) (in) 1 in) (ft) (ft) (ft) (ft)
I2-Juri-87 0 0 0 53.35 3136.46 61.93 3138.86
13-Jun-87 0 0 0 53.97 3136.44 61.99 3138.8
14-.Jun-87 0 0 0 53.9 3136.41 62 3138.79
15-3un-8? 0.2 0.2 0.71 53.96 3136.65 62.1 3138.69
16-Jun-87 0.2 0.1 0.14 53,84 3136.47 62.1 3138.69
17-Jun-87 0.2 0.2 0.12 53.8 3136.51 62.1 3138.69
13-Jun-07 0.15 0.12 0.17 53.75 3136.56 62.1 3138.69
l?“]'jri-67 0 0 0 53.68 3136.63 61.98 3138.81
cO-Jun-87 0 0 0.11 53.52 3136.79 61.98 3139.31
Hl-Jun-B7 0.09 0.09 0.12 53.63 3136.68 61.94 3138.85
22-Jüri-87 0 0 53.64 3136.67 61.94 3138.35
23-Jun-87 0 0 0 53.5 3136.81 61.94 3138.85
24-Jun-87 0 0 53.64 3136.67 61.94 3133.85
25-Jun-87 0 0 0 53.75 3136.56 62 3138.79
cb-Jun-37 0 0 0 53.9 3136.41 62.1 3138.69
27-Jun-87 0 0 53.95 3136.36 62.2 3138.59
2S-Jun-87 0 0 0 54.06 3136.25 62.3 3138.49
29-Jurt-87 0 0 54.3 3136.01 62.59 3138.2
30-Jun-87 0 0 0 54.45 3135.36 62.7 3133.09
01-Jul-87 0 0 54.6 3135.71 62.82 3137.97
02-Jui-37 0 0.01 54.71 3135.6 63 3137.79
03-Jul-37 0 0 54.68 3135.63 63.02 3137.77
04-JuI-87 0 0 54.72 3135.59 63.08 3137.71
05-Ju1-87 0 0.02 54.8 3135.51 63.11 3137.68
06-Jul-8? 0 0.04 54.9 3135.41 63,2 3137.59
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MADISON BRIDGE WELL (MB) - UNDER MADISON BRIDGE 
ELEVATION OF CASING - 3107.00 ft
DATE HL(ft)' HEAO'ft)
21-Mar-87 44.27 3042.73
31-Mar-37 45.40 3041.40
05-Apr-87 44.34 3042.64
lO-Apr-87 43.94 3043.04
23-Apr-87 42.07 3044.93
Ol-May-87 43.40 3043.60
08-May-87 40.00 3047.00
17-May-87 35.27 3071.73
22-May-87 35.50 3071.50
29-May-87 34.34 3070.64
06-Jun-87 34.34 3072.66
li-Jun-87 34.25 3072.75
19”Jun~87 34.58 3072.42
2A-J'jn-87 34.85 3072.15
SOUTHGATE OFFICE WELL (SO) - 1719 DEARBORN
ELEVATION OF CASING -■ 3178.34 ft
DEPTH OF WELL - 73.10 ft
DATE WL(ft) HEAD(ft)
03/17/87 50.82 3127.52
04/02/87 50.72 3127.62
04/10/87 50.41 3127.73
04/24/07 50.11 3128.23
05/27/87 45.15 3133.19
04/12/87 43.49 3134.85
07/02/87 44.51 3133.83
DEARBORN WELL (DH)- 2100 DEARBORN WELL
ELEVATION OF CASING - 3167.55 ft
DEPTH OF WELL - 43.21 ft
DATE WL(ft1 HEAD(ft)
17-Mar-87 41.16 3126.39
06-Apr-87 40.98 3126.57
ll-Apr-87 40.72 3126.83
27-May-87 34.55 3133.00
l2-Jun-87 33.57 3133.98
O2-Jiil-07 34.24 3133.31
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CHECKER AUTO WELL (CW) - CORNER OF BROOKS AND PAXSON 
ELEVATION OF CASING - 3173.22 ft
DEPTH OF CASING - 79 ft
DATE WL(ft) HEAD(ft)
17-Mar-87 43.32 3124.40
02-Apr-87 43.87 3124,35
ll-Apr-37 48.81 3124.41
■24-Apr-87 48.35 3124.87
27-May-37 42.88 3130.34
lE-Jun-87 41.92 3131.30
02-Jul-87 43.34 3131.53
SOUTH AVE. H. BEHIND BARBER SHOP
ELEVATION OF CASING - 3165.53 ft
DATE HL(ft) HEAD(ft)
27-May-87 32.56 3132.97 
Oe-Jul-87 32.07 3133.46
GARDNER RESIDENCE - 1626 PITMAN DR. 
ELEVATION OF CASING - 3171.20 ft
DATE WL(ft)1 HEAD(ft)
03-Apr-87 45,69 3125.51
ll-Apr-87 45.92 3125.28
24-Apr-87 45.20 3126.00
15-May-8? 43.88 3127.32
27-May-87 41.64 3129.56
lE-Jun-87 39.95 3131.25
02-Ju1-87 40.50 3130.70
SKIPPERS WELL - CORNER OF BROOKS AND HAVRE 
ELEVATION OF CASING - 3174.87 ft
DATE WL(ft) HEAD(ft)
I7-Har-87 49.00 3125.87 
04-Apr-87 49.03 3125.34
lO-Apr-87 49.59 3125.28 
E4-Apr-87 48.38 3126.49 
15-May-37 46.11 3128.76 
27-May-87 44.05 3130.82 
12-Jun-87 42.46 3132.41 
02-Jul-87 43.45 3133.43
AMERICAN DENTAL MANUFACTURING WELL - 2800 RESERVE 
ELEVATION OF CASING - 3166.16 ft 
DEPTH OF WELL - 106 ft
BATE WL(ft) HEAD(ft)
27-May-B7 37.48 3128.63 
02-Jul-37 36.94 3129.22
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2115 33TH IN BACK OF HOUSE 
ELEVATION OF CASING - 3160.43 ft
DATE WL(ft) HEAD(ft)
11-Apr-87 36.67 3123.81 
24-Apr-87 36.09 3124.39 
15-May-87 34.40 3126.08 
87-Hay-37 32.56 3127.92
12-Jun-87 31.00 3129.43 
02-Jul-87 31.65 3128.93
FIRST BANK SOUTHSIDE - 2801 BROOKS 
ELEVATION OF CASING - 3176.88 ft 
DEPTH OF NELL - 67 ft
DATE WLIft) HEAD(ft) 
17-Nar-B7 49.66 3127.22 
02-Apr-S? 49.57 3127.31 
lO-Apr-87 49.69 3127.19 
24-Apr-87 43.97 3127.91 
15-May-87 46.32 3130.56 
27-May-87 44.18 3132.70 
lE-Jun-37 44.45 3132.43 
02-Jyl-87 43.45 3133.43
GRIZZLY MINIGOLF - SHACK SOUTH OF MINI-GOLF 
ELEVATION OF CASING - 3171.15 ft
DEPTH OF WELL - 106 ft
DATE WL(ft) HEAO(ft) 
17-Mar-87 46.05 3125.10 
06*Apr-87 46.10 3125.05 
24-Apr-87 46.73 3124.42 
15-May-87 42.19 3128.96 
27-May-87 40.14 3131.01 
12-Jun-87 36.66 3132.49 
02-Jül-B7 39.41 3131.74
DUELING DALTON'S SALOON - 2006 ERNEST AVE. 
ELE'VATION OF CASING - 3173.36 ft
DEPTH OF WELL - 80.4 ft
DATE HL(ft)1 HEAD(ft)
17-Mar-76 47.86 3125.50
03-Apr-87 48.86 3124.50
lO-Apr-87 48.95 3124.41
E4-Apr-67 47.22 3126.14
l5-Kay-87 45.00 3123.36
27-May-B7 43.00 3130.36
12-Jun-87 41.52 3131.94
02-3U1-S7 42.00 3131.28
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APPENDIX D 
DATA POR EMC AND ROR CALCULATIONS
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36
«ISSOULIAM OUTFALL
IMPERVIOUS AREA: 351600 sq ft
LAND USE: residential
POPULATION DENSITY: 8,150 PERSONS/sq l i
DWELLING UNITS PER ACRE: 5.41
04-Jun-96 
SITE; MISSQULIAN OUTFALL 
PRECIPITATION: .15 in 
DURATION: 5.5 hrs 
RUNOFF VOLUME: 6800 gal
TIME 3 VOL W6 • TIME Q VOL
3Pt gal qpi gal
16:50 19:47 31 155
16:54 16.6 33.2 MOl 19:49 31 62
16:58 16.6 66.4 19:52 21.9 79.4
17:00 21.9 38.5 20:00 14.6 146,1
17:06 31 158.7 20:10 11 128
17:10 73.16 208.32 20:23 11 142.6
17:14 87.9 321.9 20:26 11 32.9
17:21 87.9 351.1 20:28 11 21.9
17:25 102.4 380.3 20:32 11 43.9
17:32 31 466.9 M02 20:45 11 142.6
17:37 21.9 132.3 20:52 11 76.8
17:40 16.6 57.8 21:04 7.3 109.7
17:50 16.6 166 M03 21:11 3.7 38.4
17:58 14.63 124.9 21:14 1.83 16.6
18:04 11 76.8 21:20 1.83 11
18:09 11 54.9 21:31 1.83 20.1
18:18 11 98.7 21:35 1.93 7.3
18:26 7.3 73.1 21:43 1.83 14.6
18:38 3.7 65.8 21:48 1.93 9.1
18:51 3.7 47.6 21:52 1.83 7,32
18:56 11 36.6 M04 23:13 74.1
19:05 14.6 115.2
19:10 46 151.6
19:14 46 184
19:18 97.9 267.5
19:23 146.3 585.15
19:25 146.3 292.6 NOS
19:30 43.9 475.5
19:36 31 224.67
19:42 31 186
WO t
N06
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07*Jun*86 
SITE: MISSQULIAN OUTFALL 
PRECIPITATION; .37 in 
DURATION: 10.5 hrs 
RUNOFF VOLUME: 46,600 gal
87
TIME e VOL we # TIME e VOL
qpi Oil gpa gal
22:14 00:33 131.7 2479.6
22:16 1.8 1.8 00:41 73.2 819.28
22:21 11 32 00:48 46 417
22:24 14.6 51.2 MOIO 00:55 31 269.5
22:30 234.1 746.1 00:57 21.9 52.9
22:34 249.8 967,8 01:02 16.6 96.3
22:36 249.8 499.6 01:09 16.6 116.2
22:39 285.3 802.6 01:15 16.6 99.6
22:43 314.5 1199.6 01:23 16.6 132.8
22:46 314.5 943.6 01:33 14.6 156.2
22:49 314.5 943.6 MOll 01:41 16.6 124.9
22:55 314.5 1887.2 01:51 14.6 156.2
23:02 314.5 2201.7 02:05 16.6 218.6
23:05 314.5 943.6 02:23 16.6 298.8
23:10 314.5 1572.7 02:42 16.6 315.4
23:17 249.8 1975.2 03:05 14.6 359.2
23:21 190.2 880 03:22 14.6 248.7
23:30 87.8 1250,8 03:30 11 102.4
23:33 87.8 263.3 M012 03:50 11 219.4
23:39 146.3 702.2 04:15 21.9 410.9
23:43 249.8 792.2 04:52 73.2 1758.6
23:50 285.3 1872.8 05:23 73.2 2268
23:55 347.4 1581.8 06:07 31 2291.5
23:59 512 1718.9 07:07 7,3 1149.3
00:01 512 1024 07:16 7.3 65.8
00:05 438.9 1901.8 07:35 7.3 138.9
00:09 347.4 1572.6 07:05 438.6
00:16 249.8 2090.4 09:35
00:20 249.8 999.2
we I
M013
MOl 4
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06*Nov*B6 06-MOV-87
SITE: MISSQULIAN OUTFALL SITE: BLANCHE OUTFALL
PRECIPITATION: .02 in PRECIPITATION; .03 in
DURATION: 1 hr DURATION; .5 hr
VOLUME: 2,000 gal VOLUME; 900 gal
TIME B VOL HQ 1 TIME S VOL UB I
gpt gal gp* gal
16:65 10:65
17:15 16.6 269 11:00 1.66 12.5
18:26 16.6 1077.6 MO 130 11:27 5.2 92.88 80126
18:38 16.6 206.8 11:65 7.8 117 B0125
18:69 16.6 160.9 12:08 7.8 178.9 B0126
18:53 11 51.2 12:33 5.2 162.5
19:01 7.3 73.1 M0131 12:62 5.2 67
19:12 3.7 60.3 12:53 6.8 55.2 B0127
19:18 3.7 22 13:20 3.2 131.8
19:28 3.7 36.6 MO 132 13:35 2 38.6
19:38 2.7 32 13:53 1.7 32.7 BQ128
19:68 1.8 23 MO 133 16:33 33.2
20:28 36.6
28*Jun-86 
SITE; BLANCHE OUTFALL 
PRECIPITATION; .77 in 
DURATION; 2.5 hrs 
VOLUME: 86880 gal
BLANCHE OUTFALL 
IMPERVIOUS AREA: 59,200 sq f t  
LAND USE: COMMERCIAL 
POPULATION DENSITY: 6,680 PERSONS/sq #i 
DWELLING UNITS PER ACRE: 5.38
TIME Q VOL W8 1
gp* gal
19:60
20:32 98.5 837.6 8018
20:66 871.7 6791.7
21:00 197.1 7681.6 8019
21:16 60 1659.7
21:22 16.13 216.52 B020
21:31 10.9 112.6
21:66 7.8 139.7
21:53 16.1 76.7
21:58 28.1 105.6
22:06 33.7 185.3
22:10 33.7 201.9
22:20 69.8 517.5 8021
22:66 16.1 1007.66
22:30 16.1 86.8
22:55 16.1 70.6
23:00 10.8 62.5
23:05 5.2 60.2
23:08 5.2 15.6
23:23 0.78 65
23:31 1.66 9.7
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APPENDIX E
WATER QUALITY DATA
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90
RUNOFF CHEMISTRY 3R0SS CHEMISTRY I mg/ll
DATE TIME SAMPLE 1 pH TEMP COMO 25 HC03 CL S04 N03-N Ca Hg Na K TDS
04-Jjn-36 16:45 MOl 6.9 25.0 223 127.7 11.10 19.7 3.02 45.0 7.5 17.9 16.1 258.4
17:32 M02 6.5 22.0 171 52.6 7.10 18.1 0.99 21.6 4.4 3.8 12.5 129.5
17:50 M03 6.4 22.5 182 55.6 6.50 15.6 0.31 22.2 4.7 3.0 15.0 131.2
18:56 M04 6.7 24.0 190 71.5 7.10 17.6 0.49 24.6 5.5 8.5 18.0 155.0
19:25 M05 6.6 22.2 157 51.4 5.10 14.5 0.59 18.1 3.7 6.7 10.5 112.6
20:45 NOé 6.7 21.5 160 64.7 5.50 14 0.06 19.0 4.2 6.3 10.2 125.5
07-Jun-86 22:24 MOIO 6.5 25.0 36.4 3.69 5.2 0,11 11.7 2.0 2.4 6.1 68.0
22:49 MOlt 6.5 22.5 22.4 2.50 6.2 0.08 3.3 1.5 3.0 3.4 47.7
23:30 MQ12 6.6 21.0 18.2 1.86 5 0.02 8.0 1.4 2.5 3.7 40.7
08-Jun-B6 00:33 M013 6.8 22.0 17.4 0.88 2.3 0.12 4.9 0.8 1.6 2.4 30.8
03:05 «014 6.7 24.0 25.9 1.65 2.8 0.06 6.6 1.1 2.1 2.6 43.0
06-Ho*-B6 18:24 «0130 7.0 152
19:01 «0131 7.5 6.2 227 44.7 17.60 14.5 0.08 23.1 5.8 4.9 23.9 134.9
19:28 HQ 132 7.4 7.0 236 49.5 20.80 15.6 0.08 25.5 6.5 5.0 27.7 151.0
19:38 MOl 33 7.5 6.5 257 52.9 21.00 14.7 0,07 27.2 6.8 5.1 29.2 157.2
26-Jan-87 13:50 no 160 7.7 56.8 1104.00 69.4 2.25 65.5 29.1 715.0 20.1 2070.0
29-Jjn-87 14:07 NO 164 6.6 25.4 682.00 31 1.09 63.2 7.4 415.0 18.4 1247.0
0I-Fet)-87 13:25 M0167 6.8 2.2 603 37.2 170.00 11.9 0.51 15.7 2.8 109.0 9.6 358.5
05-FeB-87 15:50 M0174 7.5 2.2 910 47.9 183.00 10.9 0.35 15.2 2.6 125.0 7.8 346.6
13-Feo-87 14:26 «0181 7.2 1.1 277 36 61.30 14.9 0.95 9.2 1.4 47.9 4.4 179.3
05-Jun-88 21:09 809 6.5 20.0 7 14.8 3.00 3.3 0.37 5.7 0.8 3.2 1.9 34.3
29-Jun-86 8018 6.7 7.8 1.18 3 0.29 4.8 0.6 2.0 1.4 22.1
21:00 8019 7.0 21.0 32 7.2 1.48 1.7 0.23 3.2 0.4 1.8 1.2 17.9
21:22 8020 6.4 22.0 36 10.6 1.43 2.2 0.24 4.4 0.5 1.8 1.5 23.5
22:20 8021 6.3 21.5 26 7.7 0.16 1.3 0.16 3.0 0.3 0.8 0.9 14.9
05-No*-86 11:27 B0124 7.4 6.2 374 35.04 11.20 15.4 0.74 18.6 3.3 9.2 7.8 103.9
11:45 80125 7.5 7.7 372 33.94 9.90 16.5 0.74 18.6 3.2 8.9 6.8 101.3
12:08 80126 7.5 7.8 371 32.04 9.46 11.1 0.79 16.4 3.0 8.5 6.2 90.4
12:53 80127 7.5 8.2 393 35.6 10.30 11.2 0.75 18.0 3.2 8.9 7.0 97.9
13:53 80128 7.5 34.14 10.60 15.6 0.57 20.2 3.6 9.5 7.8 112.3
26-Jan-87 14:10 80161 7.5 43.2 1589.00 62.2 2.84 127.0 31.8 953.0 47.3 2070.0
27-Jan-87 12:50 80162 7.5 57.2 1208.00 48.5 2.01 74.2 26.8 767.0 33.4 2218.0
29-Jan-87 14:35 80165 7.1 35.7 1291.00 35.8 1.45 66.6 7.5 787.0 21.6 2252.0
OI-Feb-87 14:35 80170 7.1 1.0 799 35.9 203.00 10.3 0.28 15.8 2.0 132.0 7.4 407.6
05-FeB-B7 15:05 80172 7.5 0.7 511 45 158.00 12 0.32 11.4 1.3 112.0 5.5 346.6
13-Feb-B7 15:20 80183 7.0 1.1 259 38.5 53.44 9 0.47 7.8 1.0 42.5 4.0 158.3
30-Sep-86 17:08 8091 6.4 5.8 1.27 2.2 0.2 2.2 0.4 0.7 0.6 14.0
17:39 8092 6.2 4.7 0.74 1.1 0.14 1.5 0.2 0.5 0.3 9.7
18:22 8093 6.2 4.9 1.18 2.3 0.16 1.5 0.3 0.8 0.3 12.0
18:48 8094 6.2 3.4 1.21 2 0.13 1.1 0.3 0.5 0.3 9.2
19:11 8095 6.3 2.7 0.56 0.9 0.11 1.0 0.2 0.3 0.2 6.4
t3-feb-B7 16:15 80:85 7.2 28.5 20.20 5.2 0.3 6.4 1.1 17.0 0.8 80.5
IS-Mar-e? 09:30 80209 7.0 19.5 1.91 2.2 0.14 4.2 0.7 3.5 0.9 33.5
10:04 80210 7.0 8.7 0.99 1.1 0.11 2.5 0.2 1.9 0.6 16.5
10:38 80211 6.6 6.3 0.50 1.1 0.09 1.5 0.2 1.2 0.4 13.9
11:32 80212 7.0 8.2 0.67 0.9 0.07 2.0 0.2 1.2 0.4 13.9
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15-IUy-97 17:10 B030S 6.5 21.0 5 0.48 1.3 0.16 1.9 0.3 1.0 1.3 11.9
CONT' SUMOFF CHEMISTRY GROSS CHEMISTRY (ag/l)
DATE TIME SAMPLE 1 pH TEMP COHO 25 HC03 CL 806 M03-M C« Mg Na K TBS
17:20 BD306 6.5 18.0 5.5 0.61 1.1 0.12 2.0 0.3 0.9 1.2 12.1
17:59 80307 6.6 19.0 4.6 0.36 1.6 0.08 1.8 0.2 0.5 0.8 9.7
25-M,y-87 09:30 BD329 6.8 14.0 56 5.9 0.27 1.1 0.07 1.6 0.3 0.7 0.7 10.9
09:31 BD330 6.7 15.0 14 3.9 0.24 0.8 0.06 1.0 0.2 0.6 0.6 7.5
10:11 BD331 6.4 IS.O II 3.7 0.20 0.5 0.03 1.0 0.2 0.6 0.6 6.8
09-JuI-M 22:30 S036 3.7 22.0 IB . 18.50 1.7 0.39 6.9 0.9 2.8 1.2
13-H«-87 11:30 S0199 7.2 55 72.70 18.2 0.63 12.4 1.8 57.6 6.7 226.3
I&-Mar-87 09:50 S0200 7.6 35.6 22.70 7.5 0.38 7.8 1.1 22.0 2.5 100.9
10:30 S0201 7.3 41.6 26.30 8 0.57 9.0 1.1 25.9 2.9 117.1
10:52 S0202 7.0 7.8 166 61.7 24.70 8.1 0.35 8.1 1.0 26.3 2.6 112.1
11:43 SD203 7.3 9.6 207 51.6 30.00 9.6 0.61 11.6 1.6 29.2 3.2 138.0
15-H,y-87 17:15 SD308 7.1 22.7 8.63 7.8 0.37 8.5 1.0 6.9 2 5 59.7
17:55 SD309 7.0 21.0 6 16.8 6.03 6.7 0.2 5.3 0.6 6.2 1.5 36.0
25-May-07 09:50 80326 7.1 10.5 1.20 1.6 0.08 3.3 0.6 1.8 0.9 19.9
10:10 80327 7.1 15.0 46 11.1 1.22 1.7 0.06 3.5 0.6 1.8 0.8 20.8
10:55 80328 7.1 17.0 62 13.1 1.56 2.1 0.08 6.2 0.5 2.2 0.8 26.7
27-Jan-B7 12:15 IP163 37.5 398.20 19.8 0.75 33.0 3.3 262.0 7.6 767.6
97-JUH-B7 21:10 H03SO 6.7 63 15.90 31 1.71 68.9 3.3 7.2 6.0 182.9
13-Jun-87 17:43 MD362 6.6 28.8 7.08 7.6 0.58 16.6 0.6 1.6 1.1 65.6
l5-lun-87 18:03 K0363 6.3 5 2 1.12 1.6 0.29 3.6 0.6 1.1 0.6 16.7
15-JuB-e? 18:27 UN366 6.6 10.7 1.07 2.5 0.25 5.5 0.6 0.8 1.3 23.6
16-Jun-07 08:06 SMD36S 7.2 15,0 6 26.9 31.10 3 0.65 10.8 0.6 0.7 0.7 63.9
16-Jttft-B7 00:32 M0366 7.0 15.0 6 13.6 0.92 2 0.26 5.7 0.6 0.9 0.7 25.0
16-Jun-87 09:00 M0367 7.1 15.0 4 16.3 0.51 2.2 0.2 5.5 0.3 0.5 0.6 26.8
SITE LOCATIONS KEY
NÔ NISSOULIM OUTFALL N-SLANCHE OUTFALL B0=01AINE SINSOUTN NO=MALL 
SMIMOUTH HALL BP'BUTTREY FAAKlNfi LOT UM'UWIVERSITY OF MT KINC-NAAT PAAKIN6 LOT
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DATE TIME SAMPLE 1 As CO Cr Cu
RUNOFF CHEMISTRY 
Fe Pb 4n
METALS (eq/Il 
Hq Ni Zn
CA-Juti-3i 16:45 401 (.005 :.ooi (.02 0.03 0.38 (.01 0.22 <..03 (.001 0.09
17:32 ■02 '■005 (.001 (.02 0.02 0.28 (.01 0.22 (.03 <.001 0.09
17:50 403 '.005 (.001 (.02 0.02 0.28 0.02 0.24 <.03 (.001 0.08
18:56 404 '.005 (.001 (.02 0.02 0.33 0.1 0.33 <.03 (.001 0.08
19:25 H05 (.005 (.001 (.02 0.01 0.29 0.02 0.2 (.03 (.001 0.04
20:45 406 '.005 (.001 (.02 (.01 0.18 (.01 0.2 (.03 (.001 0.04
07-]un-84 22:24 MOlO (.005 (.001 (.02 0.01 0.88 0.04 0.11 (.03 (.001 0.12
22:49 MOll (.003 (.001 (.02 (.01 0.09 (.01 0.06 (.03 (.001 0.05
23:30 H012 <.005 0.001 (.02 (.01 0.12 (.01 0.06 (.03 (.001 0.04
08-Jun-86 00:33 M013 (.005 (.001 (.02 (.01 0.07 (.01 0.04 (.03 (.001 0.03
03:05 4014 (.005 0.001 (.02 (.01 0.09 (.01 0.04 (.03 (.001 0.04
O6-M0V-86 18:24 40130 (.005 (.001 (.02 0.03 0.46 (.01 0.33 (.03 (.001 0.41
19:01 40131 (.005 (.001 (.02 0.03 0.17 (.01 0.48 (.03 (.001 0.13
19:28 40132 (.005 (.001 (.02 (.01 0.17 (.01 0.59 (.03 (.001 0.14
19:38 40133 (.005 (.001 (.02 (.01 0.16 (.01 0.62 (.03 (.001 0.12
26-Jin-07 13:50 40160 (.005 (.001 (.02 0.01 0.05 (.01 0.38 (.03 (.001 0.09
29-Jan-87 14:07 40164 (.005 (.001 (.02 0.02 0.2 (.01 0.46 (.03 (.001 0.09
01-Feb-87 13:25 40167 (.005 (.001 (.02 0.03 0.12 (.01 0.19 (.03 (.001 0.05
03-Feb-87 15:50 40174 (.005 (.001 (.02 (.01 0.2 (.01 0.14 (.03 (.001 0.05
l3-Feb-87 14:26 40181 (.005 (.001 (.02 (.01 0.27 (.01 0.07 (.03 (.001 0.04
05-Jun-86 21:09 809 (.005 (.001 (.02 (.01 0.09 (.01 0.04 (.03 (.001 0.07
2B-Jun-86 8018 (.005 (.001 (.02 (.01 0.09 (.01 0.06 (.03 (.001 0.11
21:00 8019 (.005 (.001 (.02 (.01 0.14 (.01 0.03 (.03 (.001 0.04
21:22 8020 (.005 (.001 (.02 (.01 0.09 (.01 0.04 (.03 (.001 0.09
22:20 8021 (.005 (.001 (.02 (.01 0.04 (.01 0.03 (.03 (.001 0.03
05-N0V-86 11:27 80124 (.005 (.001 (.02 0.04 1.11 0.08 0.37 (.03 (.001 0.32
11:45 80125 (.005 (.001 (.02 0.03 1.51 0.11 0.44 (.03 (.001 0.38
12:08 80126 (.005 (.001 (.02 0.03 1.06 0.09 0.35 (.03 (.001 0.26
12:53 80127 (.005 (.001 (.02 (.01 0.87 0.07 0.32 (.03 (.001 0.23
13:33 80128 (.005 (.001 (.02 (.01 0.35 (.01 0.27 (.03 (.001 0.15
26-J,n-87 14:10 80161 (.005 (.001 (.02 O.Ol 0.03 (.01 0.74 (.03 (.001 0.09
27-Jan-87 12:50 80162 (.005 (.001 (.02 0.01 0.07 (.01 0.60 (.03 (.001 0.17
29-Jan-87 14:35 80165 (.005 (.001 (.02 0.02 (.03 (.01 0.57 (.03 (.001 0.08
01-Feb-87 14:35 80170 (.005 (.001 (.02 0.03 0.31 (.01 0.14 (.03 (.001 0.04
05-Feb-87 15:05 80172 (.005 (.001 (.02 (.01 (.03 (.01 0.05 (.03 (.001 0.03
13-Feb-B7 15:20 80183 (.005 (.001 (.02 (.01 0.21 (.01 0.05 (.03 (.001 0.02
30-Sep-86 17:08 8091 (.005 (.001 (.02 (.01 0.05 (.01 (.02 (.03 (.001 0.03
17:39 8092 (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.03 (.001 0.03
18:22 8093 (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.03 (.001 0.02
18:48 8094 (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.03 (.001 (.01
19:11 8095 (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.03 (.001 (.01
13-Feb-a? 16:15 88185 (.005 (.001 (.02 0.02 0.14 (.01 0.04 (.03 (.001 0.03
lB-«ar-67 09:30 80204 (.005 (.001 (.02 (.01 0.12 (.01 0.07 (.03 (.001 0.02
10:04 80210 (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.03 (.001 0.01
10:38 80211 (.005 (.001 (.02 (.01 0.07 (.01 (.02 (.03 (.001 0.01
11:32 80212 (.005 (.001 (.02 (.01 0.21 0.01 (.02 (.03 (.001 0.07
15-May-87 17:10 80305 (.005 (.001 (.02 0.01 0.08 (.01 0.07 (.03 (.001 0.06
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CONT' RUNOFF CHEMISTRY METALS (tq/l)
DATE TIME SAMPLE 1 As CO Cr Cu Ft Pb Mn Hg Ml Zn
17:20 BS306 <.005 (.001 (.02 <.01 0.07 (.01 0.03 (.03 (.001 0.03
17:59 BD307 <.005 (.001 (.02 <.0l 0.05 (.01 0.03 (.03 <.001 0.02
25-H*y-87 09:30 B0329 <.005 <.001 (.02 (.01 (.03 (.01 (.02 <.03 (.001 (.01
09:51 BD330 <.005 <.ooi (.02 (.01 (.03 <.01 (.02 <.03 (.001 (.01
10:11 80331 <.005 (.001 (.02 (.01 (.03 (.01 (.02 (.03 (.001 (.01
09-Jul-86 22:30 SD34 <.005 <.001 (.02 (.01 0.24 (.01 0.11 (.03 (.001 0.21
l3-Mir-87 11:30 SD199 (.005 <.001 0.11 0.02 1.12 (.01 0.14 0.06 (.001 0.04
!6-Mar-87 09:50 S0200 <.005 <.0Ol (.02 (.01 0.08 (.01 0.04 (.03 (.001 0.02
10:30 SD201 <.005 (.001 0.04 (.01 0.18 (.01 0.08 (.03 (.001 0.03
10:52 S0202 <.005 (.001 0.05 (.01 0.23 (.01 0.07 (.03 (.001 0.03
11:43 SD203 <.005 (.001 (.02 <.01 0.04 (.01 0.08 (.03 (.001 0.02
l5-H*y-87 17:15 SD308 <.005 <.00! (.02 (.01 0.14 0.01 0.11 (.03 (.001 0.04
17:55 SD309 <.005 <.v (.02 (.01 0.25 (.01 0.09 (.03 (.001 0.04
25-M,y-87 09:50 S032& <.005 <.001 (.02 (.01 (.03 (.01 0.03 (.03 (.001 0.02
10:10 S0327 <.005 (.001 (.02 (.01 (.03 (.01 0.03 (.03 (.001 0.02
10:55 SD328 <.005 (.001 (.02 (.01 (.03 (.01 0.04 (.03 (.001 0.03
27-J#n-87 12:15 BP143 <.005 (.001 (.02 0.02 0.04 (.01 0.23 (.03 (.001 0.09
07*Jun-87 21:10 N0350 (.005 (.001 (.02 0.05 0.27 (.01 0.38 0.04 (.001 0.52
15-Jun-87 17:43 MD342 (.005 (.001 (.02 0.02 0.1 (.01 0.13 (.03 (.001 0.19
15-Jun-87 18:03 XD343 (.005 (.001 (.02 (.01 0.06 (.01 0.05 (.03 (.001 0.04
15-Iun-87 18)27 UH344 (.005 (.001 (.02 (.01 (.03 (.01 0.04 (.03 (.001 0.05
16-Jun-87 08:04 SND305 (.005 (.001 (.02 (.01 (.03 (.01 0.03 (.03 (.001 0.02
U-Jun-B? 08:32 ND3M (.005 (.001 (.02 (.01 (.03 (.01 0.03 (.03 (.001 0.03
16-Jun-87 09)00 MD367 (.005 (.001 (.02 (.01 (.03 (.01 0.02 (.03 (.001 0.03
SITE LOCATIONS KEY
MO>N!5SOULIAH OUTFALL BO>ILAHCHE OUTFALL SD=BLAIWE SIkSOUTN RO>MLL 
SMD'SOUTH HALL BP>BUTTREY PARKINS LOT UIHMIVERSITY OF MT KW-MART PAMINS LOT
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LYSIMETER CHEMISTRY GROSS CNEMISTR; '•g/U
RESIDENTIAL SINGLE DRAIN SITE - BLAINE 'BNI
3 FT LYSIMETER
DATE SAMPLE 1 pH HC03 Cl S04 N03 C, "9 Ni K TDS
O3-Sefl-0i 44 7.9 185.0 8.37 71.7 3.16 43.6 7.1 97,5 6.5 434.1
O3-0ct-86 97 7.7 76.3 8.10 5.7 0.66 11.8 8.1 80.1 1.5 187.9
lB-Oct-86 118 7.5 98.4 4.16 7.8 1,55 88.4 3.4 13.1 8.2 158.3
07*Feb-B7 178 7.9 104.0 50.00 17.5 1.56 35.8 5.0 44.1 4.1 876.315-Feb-a7 186 7.5 53.9 85.30 4.5 0.34 9.5 1.7 84.8 1.3 181.9
2I-Mir-87 814 7.4 13.8 1.46 0.8 0.81 1.9 0.3 3.8 0.6 83.6
31-Mir-87 841 7.3 16.6 4.96 3.0 0.38 5.8 0.7 4.8 1.1 38.4
0B-Apr-B7 858 7.8 19.1 4.48 3.6 0.53 6.9 0.9 4.9 1.5 44.0
18-]un-B7 378 7.0 13.1 8.15 1.9 0.88 4.1 0.9 1.6 1.8 89.8
04-Jul-87 385 7.3 37.1 8.81 6.6 1.16 14.8 8.7 8.6 8.8 74.0
13 FT LYSIBETER
03-Sep-86 43 7.8 870.1 2.23 7.4 5.10 48.8 10.7 37.0 18.4 411.8
05-Sep*86 58 8.1 891.5 8.10 10.0 6.00 53.8 18.7 36.8 18.9 451.8
08-Sep-86 58 8.0 888.5 1.98 11.7 5.68 54.6 18.6 36.5 17.8 448.8
lO-Sep-86 67 8.0 898.8 1.94 18.0 6.05 55.0 13.0 37.1 18.8 456.8
t3-Sep-86 74 8.8 889.6 1.81 10.8 5.67 54.6 18.4 35.3 18.1 447.7
18-Sep-06 83 7.8 887.7 1.49 9.3 4.46 53.8 18.0 34.3 17.1 434.9
03-0ct-86 101 8.0 888.5 1.43 9.1 8.68 54.5 11.6 28.5 15.3 407.8
l6-0ct-86 119 7.8 877.9 1.43 9.1 8.59 58.5 11.6 88.5 15.3 407.8
O7-Feb-07 179 7.7 313.8 15.10 13.5 <.01 65.3 14.0 30.8 16.8 468.7
15-Ffb-87 187 8.1 137.1 141.00 11.4 8.34 73.6 16.0 30.1 19.8 439,4
19-Frt-B7 169 7.8 138.1 155.00 18.6 8.48 38.7 15.8 89.3 17.7 467.6
16-*ar-87 804 8.1 181.1 51.50 18.7 2.68 54.8 10.6 85.9 13.8 361.1
8Mar-87 815 8.1 189.6 47.30 11.5 8.64 53.7 11.0 85.4 18.1 416.0
2]-*ar-87 818 8.3 800.1 39.90 10.7 8.83 51.3 10.4 86.8 18.8 364.5
82-Mar-87 888 8.0 190.5 45.80 10.3 8.19 53.0 10.8 25.5 18.1 357.1
83-Mar-07 886 8.3 189.6 48.10 10.3 0.71 53.5 10.3 83.9 11.8 344.7
84-Mar-87 889 8.3 191.5 40.00 10.4 1.05 53,7 10.0 83.9 11.6 345.7
85-Nar-87 838 8.3 190.1 37.90 10.5 8.18 58.8 10.1 23.8 11.9 346.8
86-Mar-87 835 8.8 189.7 37.00 10.1 8.16 51.6 10.1 83.8 11.5 279.9
87-Mar-87 838 8.8 193.0 36.40 10.1 8.84 58.8 10.t 24.2 11.9 347.8
31-Mar-B7 848 8.1 195.1 34.40 10.3 8.35 58.2 9.6 83.9 11.9 347.8
05-Apr-87 851 8.1 198.0 31.70 9.8 8.71 51.1 9.6 24.5 11.4 348.1
08-Apr-B7 859 3.4 199.1 89.80 10.6 8.88 49.8 9.7 25.0 11.7 347.0
lO-Apr-07 865 8.3 803.0 87.70 11.8 8.89 48.8 9.8 84.2 11.3 348.8
88-Apr-87 877 8.1 813.4 84.00 11.1 8.65 47.4 9.7 25.8 12.0 355.1
Ol-Nay-87 889 8.3 887.3 18.60 18.0 8.75 49.1 9.8 26.7 11.4 367.1
08-May-8? 896 8.3 835.3 15.40 10.0 8.73 49.3 9.8 86.7 11.4 370.0
17-May-87 315 8.1 848.4 13.80 10.3 2.53 58.0 9.7 87.3 12.1 378.8
88-May-87 318 8.1 248.5 18.30 11.1 2.87 50.8 10.3 89.5 12.8 387.4
89-May-87 337 8.1 253.5 18.00 10.6 8.64 53.9 10.1 29.2 18.3 393.3
06-3un-87 344 8.1 266.4 9.93 10.7 2.47 54.5 10.4 30.8 13.0 406.7
11-Jun-87 354 8.8 881.9 7.30 10.5 2.60 53.7 10.7 34.4 13.8 423.8
19-Jun-87 373 3.0 281.0 5.90 10.5 2.47 53.9 10.1 38.7 12.9 418.4
06-Ju1-87 386 7.8 893.3 4.78 10.1 1.74 58.4 10.5 34.3 13.1 486.8
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FT LYSIMETER
LYSIMETER CHEMISTRY METALS Img/It
RESIDENTIAL SINGLE DRAIN SITE - BLAINE IBWI
DATE SAMPLE I As Cd Cr Cu Fe Pb Mn Ni Hg Zn
05-Sep-86 53 <.005 (.005 <.02 (.02 (.05 (.02 (.02 <,03 (.001 0.04
OB-Sep-94 59 0.006 (.005 '..02 (.02 (.05 (.02 (.02 (.03 (.001 0.02
lO-Sep-86 68 <.005 <,005 (.02 (.02 (.05 (.02 (.02 (.03 (.001 0.03
i3-Sep-86 75 <.005 (.005 (.02 (.02 (.05 (.02 (.02 (.03 <.001 0.05
03-0ct-84 97 <.005 (.005 (.02 (.02 (.05 (.02 <.02 (.03 <.001 (.02
U-Oct-86 118 <.005 (.005 (.02 (.02 (.05 (.02 (.02 <.03 (.001 0.04
07-Frt-87 178 <.005 (.005 <.02 0.03 (.05 (.02 (.02 (.03 (.001 0.11
07-Mir-87 194 <.005 (.001 0.06 0.06 0.37 r.Ol (.02 0.04 <.001 0.06
81-«»r-87 214 <.005 (.001 0.03 <.02 (.01 (.02 <.001 0.02
2E-Apr-87 276 <.005 (.001 0.07 0.03 0.33 (.01 0.34 0.03 (.001 0.08
Ol-Hây-87 288 <.005 (.001 (.02 0.04 0.22 (.01 0.07 (.03 (.001 0.09
08-M,y-87 295 <.005 (.001 (.02 0.03 0.15 (.01 0.81 <.03 (.001 0.11
22-May-87 317 <.005 (.001 (.02 0.03 0.06 (.01 0.04 (.03 (.001 0.02
29-M*y-B7 1336 <.005 (.001 (.02 0,01 0.06 <.01 (.02 (.03 0.001 0.03
U*Jun*87 353 <.005 (.001 (.02 0.01 (.03 (.01 0.09 (.03 (.001 0.08
19-Jun-87 372 <.005 (.001 (.02 0.01 (.03 <.01 0.02 <.03 (.001 0.06
06-Jut-87 385 <.005 (.001 (.02 0.02 0.04 (.01 0.16 <.03 (.001 0.17
13 FT LYSIMETER
03-Sep-B6 43 (.005 (.005 (.02 (.02 (.05 (.02 (.02 (.03 (.001 0.12
05-Sep-B6 52 (.005 (.005 (.02 (.02 (.05 (.02 <.02 <.03 (.001 0.05
08-Sep-86 58 0.005 (.005 (.02 (.02 (.05 (.02 (.02 (.03 (.001 0.04
lO-Sep-86 67 <.005 (.005 (.02 (.02 (.05 (.02 (.02 (.03 (.001 0.04
12-Sep-86 74 <.005 (.005 (.02 (.02 <.05 (.02 (.02 (.03 (.001 0.04
18-S*p-86 83 (.005 (.005 (.02 (.02 (.05 (.02 (.02 (.03 (.001 0.04
22-Sep-86 88 (.005 (.005 (.02 (.02 (.05 (.02 (.02 (.03 (.001 (.02
03-0ct-86 101 (.005 (.005 (.02 (.02 (.05 (.02 (.02 (.03 (.001 0.03
16-0(1-86 119 (.005 (.005 (.02 <.02 (.05 (.02 002 (.03 (.001 0.02
07-F#b-87 179 (.005 (.005 (.02 (.02 (.05 (.02 (.02 (.03 (.001 0.06
l5-Feb-87 187 (.005 (.001 (.02 (.01 <.03 (.01 (.02 (.03 (.001 0.04
19-Feb-87 189 (.005 <.001 (.02 (.01 0.11 (.01 (.02 (.03 (.001 0.02
07-Mir-B7 195 (.005 <.001 0.03 (.01 0.12 (.01 <.02 <.03 (.001 0.02
16-M*r-B7 204 (.005 (.001 (.02 <.01 0.04 (.01 (.02 (.03 (.001 0.01
21-Mar-87 215 (.005 (.001 (.01 0.05 <.01 (.02 (.001 (.01
21-Mir-87 218 (.005 <.001 (.01 (.03 (.01 (.02 (.001 <.01
22-Mar-87 222 <.005 <.001 (.01 (.03 (.01 (.02 (.001 (.01
23-Mar-87 226 <.005 (.001 (.01 0.05 (.01 (.02 (.001 <.01
24-Mar-87 229 (.005 <.001 (.01 (.03 (.01 (.02 (.001 (.01
25-Mar-87 232 (.005 (.001 (.01 0.05 (.01 (.02 (.001 (.01
26-Mar-87 235 (.005 (.001 (.01 1.00 (.01 0.05 (.001 (.01
31-Mar-87 242 (.005 (.001 (.01 (.03 (.01 (.02 (.001 (.01
05-Apr-87 251 (.005 (.001 (.01 (.03 (.01 <,02 (.001 (.01
08-Apr-87 259 (.005 <.001 (.02 (.01 (.03 (.01 <.02 (.33 (.001 (.01
lO-Apr-87 265 (.005 (.001 <.02 (.01 (.03 (.01 <.02 (.03 (.001 (.01
22-Apr-87 277 (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.03 (.001 (.01
Ol-May-87 289 (.005 (.001 <.02 (.01 (.03 <.01 (.02 (.03 (.001 (.01
08-May-87 296 (.005 (.001 <.02 (.01 (.03 (.01 <.02 (.03 (.001 (.01
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DATE SAMPLE I As Cd Cf Cu Fe Pb Mn *1 Zn
I7-«iy-87 315 (.005 (.001 (.02 (.01 0.09 (.01 (.02 (.03 (.001 (.01
22-«*Y-87 318 (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.03 (.001 (.01
29-May-87 337 (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.03 (.001 (.01
06-Jun-87 344 <.005 (.001 (.02 (.01 (.03 (.01 (.02 (.03 (.001 (.01
1l-Jun-07 354 (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.03 (.001 0.02
l9-Jun-87 373 (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.03 (.001 0.01
04-Jul*87 336 (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.03 (.001 0.01
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
97
3 FT LYSIMETER
LYSIMETER CHEMISTRY GROSS CHEMISTRY
COMMERCIAL SINGLE DRAIN SITE - SOUTH (SHI
DATE SAMPLE 1 pH HCD3 Cl S04 N03 Ci Mg Ni K TBS
O7-Jul-06 26 5.1 0.5 13.20 6.8 0.26 3.3 0.7 7.3 I.O 36.1
ll-Jul-Bé 35 7.5 38.3 22.50 10.5 1.57 11.7 3.6 19.6 1.8 115.0
03-Sep-86 67 7.9 125.4 15.60 42.9 1.01 29.9 5.9 41.2 5.7 271.1
03-Oct-84 102 7.6 42.0 4.32 11.4 0.19 14.1 2.0 5.2 2.1 81.9
15-Feb-B7 188 8.1 78.6 506.00 29.4 0.54 33.8 4.5 356.0 5.6 1016.0
07-Mar-97 197 438.00 BS.O 45.0 5.0 326.0 8.0
21-Mir-87 216 8.0 67.2 23.40 6.9 0.17 15.9 1.9 19.4 2.5 137.9
06-Jun-87 346 8.0 99.4 9.41 9.6 0.41 25.4 2.9 12.7 3.6 164.8
19*Jun-97 374 7.8 109.5 10.10 11.1 0.44 30,7 3.4 13.4 4.6 184.8
Oi-Jul-87 387 7.9 136.3 8.36 31.6 1.62 51.2 6.0 16.4 6.3 263.3
13 FT LYSIMETER
03-Sfj)-96 46 8.6 424.2 76.20 27.4 0.28 58.0 16.3 120.0 12.3 735.6
03-Oct-86 103 8.4 441.7 41.60 22.9 0.01 61.6 14.3 99.0 13.4 694.5
21-Mir-87 217 8.2 260.3 298.00 24.3 0.86 165.0 32.0 100.0 14.0 895.4
31-Mir-87 245 8.3 244.2 224.00 26.9 0.61 114.0 21.1 78.5 11.7 723.1
29-Miy-B7 340 8.3 370.4 158.00 27.5 0.78 106.4 20.6 98.0 13.3 797.7
06-Jgn-B7 347 8.2 326.3 104.00 19.7 0.60 71.4 16.4 10.5 2.6 369.0
19-Jun-87 375 8.1 408.0 86.80 20.4 0.54 82.4 15.7 86.1 12.9 714.7
06-Jul-B7 388 8.0 415.5 85.30 22.3 0.18 78.1 16.3 96.1 11.4 725.8
) FT LYSIMETER
22-Mir-B7 224 8.5 229.6 233.00 24.7 0.69 135.0 25.5 90.5 li.O 754.4
06-Jul-87 389 8.2 372.5 386.50 49.9 1.69 158.5 34.0 167.6 12.2 1188.7
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3 FT LYSIMETER
LYSIMETER CHEMISTRY METALS !»q/l)
COMMERCIAL SINGLE DRAIN SITE - SOUTH (SU)
DATE SAMPLE # As Cd Cr Cu Fe Pb Mb Ni Zn
07-Jul-8é 26 <.005 0.002 <.02 0.07 0.04 <.02 0.04 0.05 <.001 0.5
II-JuI-86 35 <.005 <.005 <.02 0.04 <.05 <.02 0.05 <.03 <,001 0.77
O3-Sep-04 47 <.005 >..005 <.02 0.03 <.05 <.02 <.02 <.03 <.001 0.04
08-Sep-86 54 <.005 <.005 <.02 <.02 0.09 <.02 <.02 <.03 <.001 0.05
tO-S*p-84 45 <.005 <,005 <.02 <.02 <.05 <.02 <.02 <.03 <.001 0.05
07-M,r-8? 19? <.005 <.001 <.02 0.02 <.03 <.01 0.05 <.03 <.001 0.02
21-«»r-87 214 <.005 <.001 0.05 0.2 <.01 0.05 <.001 0.04
31-M»r-87 244 <.005 <.001 0.29 0.3 <.01 0.07 <.001 0.14
08-Apr-87 242 <.005 <.001 <.02 0.22 0.24 <.01 0.04 <.03 <.001 0.09
22-Apr-87 279 <.005 <.001 <.02 0.08 0.05 <.01 0.02 <.03 <.oot 0.04
Ol-May-87 291 <.005 <.001 0.09 0.07 0.44 <.01 0.03 0.04 <.oot 0.03
08-Mar-87 298 <.005 <.001 0.09 0.04 0.5 <.01 0.09 0.08 <.001 0.04
l7-May-87 311 <.005 <.001 <.02 0.03 0.31 0.02 0.23 0.04 <.001 0.04
29-May-87 339 <.005 <.001 <.02 0.02 <.03 <.01 0.03 <.03 <.001 0.04
!»-3un-87 374 <.005 <.001 <.02 0.01 <.03 <.01 <.02 <.03 <.001 0.03
04-Jul-87 387 <.005 <.OOl <.02 0.02 <.03 <.01 <.02 <.03 <.001 0.03
13 FT LYSIMETER
10-Sep*84 44 <.005 (.005 (.02 (.02 (.05 (.02 (.02 (.03 (.001 0.04
05-*pr-87 253 <.005 (.001 0.01 0.07 (.01 (.02 (.001 0.08
08-Apr-87 241 <.005 (.001 0.07 0.01 0.24 (.01 (.02 (.03 (.001 0.07
IO-Apr-87 247 <.005 (.001 (.02 0.02 0.1 (.01 (.02 (.03 (.001 0.07
23-Apr-87 280 <.005 <.001 (.02 (.02 (.03 (.01 (.02 (.03 0.002 0.07
Ol-May-87 292 <.005 (.001 0.18 0.02 0.84 (.01 0.04 0.09 0.001 0.07
08-May-87 299 (.005 (.001 0.29 0.02 1.67 0.01 0.08 0.19 0.002 0.08
17-May-87 312 <.005 (.001 (.02 (.02 (.03 (.01 (.02 (.03 0.001 0.05
22-May-87 321 (.005 (.001 (.02 (.02 (.03 (.01 (.02 (.03 (.001 0.03
04-Juft-87 347 (.005 (.001 (.02 (.02 0.04 (.01 (.02 (.03 0.001 0.03
19-Jgn-87 375 (.005 (.001 <.02 (.02 (.03 (.01 (.02 (.03 (.001 0.02
04-Jul-87 388 (.005 (.001 (.02 (.01 (.03 <.01 (.02 (.03 (.001 0.02
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BLAIME WELL 6R0UN0 WATER CHEMISTRY GROSS CHEMISTRY ( i f / l )
DATE SAHPIE# pK TEMP COND 823 HC03 Cl 504 N03-N C* Mg Na K TDS
06-lul-8* BW23 8.1 11.0 *02 I8*.8 3.50 14.8 0.44 44.4 12.1 .9 1.4 272.4
08-Jul-86 BU28 8.1 12.5 S3* 184.8 3.58 14.5 0.71 44.5 12.0 .8 1.4 272.8
16-Jul*04 SU39 7.4 1*.0 174.4 4.40 14.9 0.44 *3.2 11.2 .4 1.3 242.9
03-Sep-84 BU4S 8.2 10.1 181.7 3.03 15.0 0.57 43.2 11.7 .* 1.4 245.1
04-S«p-84 BUSO 8.2 10.0 184.7 3.08 15.4 0.59 42.7 11.8 .1 1.4 244.2
0S-S«p-84 BW54 8.0 9.9 180.9 3.04 14.2 0.59 42.4 11.4 .3 1.4 242.7
08-S«p-84 8840 8.0 10.1 180.9 3.10 15.4 0.40 42.5 11.9 .1 1.7 24*. 3
09*Sep-B4 BW43 8.1 10.1 185.9 3.10 14.9 0.40 43.2 12.1 .4 1.4 245.*
l@-S*p-84 BU49 8.1 9.9 182.0 3.08 14.8 0.40 43.0 12.0 .2 1.7 245.2
ll-Sfp-84 8U71 8.0 9.8 182.0 3.13 14.3 0.59 43.0 11.9 .2 1.4 244.5
12-Sep-84 BU74 8.0 9.8 183.2 3.08 15.4 0.40 43.0 11.9 .3 1.8 247.3
IS-Sep-84 8878 8.0 10.0 181.7 3.08 15.7 0.40 44.0 11.4 .0 1.4 244.4
17-Sep-B4 BM81 8.0 9.4 182.9 3.14 15.4 0.40 *3.0 11.8 .0 1.4 247.0
18*Sep-B4 B884 7.9 9.5 183.5 3.11 15.3 0.40 *3.7 11.8 .1 1.7 247.9
19-Stp-84 8884 7.9 144.4 3.10 14.4 0.41 34.2 11.7 .0 1.7 240.1
22'8*p"84 8889 7.9 9.4 184.3 3.07 14.8 0.41 *4.0 11.4 .1 1.7 288.3
03-0ct-84 8898 8.2 8.* 284 184.4 3.19 15.5 0.57 43.5 12.0 .5 1.5 249.3
07'0ct'84 88:09 8.0 9.0 293 185.8 3.10 15.7 0.59 44.0 12.0 .4 1.4 271.3
08-0ct-64 M ill: 8.1 9.2 292 182.9 3.08 15.7 0.59 42.3 12.0 .4 1.4 244.8
09-0ct-B4 88:13 8.2 8.4 297 184.7 3.10 15.2 0.59 *3.0 12.0 .4 1.4 248.7
07-frt-87 88:74 8.0 9.0 221 184.3 2.84 20.9 0.44 44.5 12.4 .4 1.4 274.8
19-frt-fl7 88:90 8.1 8.0 3*5 189.0 3.08 21.1 0.47 44.5 12.7 .4 1.7 280.8
07HUr-8? 88:94 10.0 328 7.00 24.0 47.0 12.0 .0 <1
21-Mar-e? 88219 8.1 8.0 184.9 2 83 21.4 0.49 45.0 12.7 1.7 279.5
88223 8.2 9.8 188.7 2.83 21.3 0.47 45.0 12.7 .9 1.7 281.2
23-8«r-B7 88227 8.2 10.3 187.2 2.74 21.4 0.47 43.4 12.3 .9 1.5 279.7
24Hlir-«7 88230 8.2 8.9 187.5 2.74 21.2 0.44 45.3 12.1 .0 1.3 279.4
a5HUr-87 88233 8.2 I I . 1 187.2 2.73 21.9 0.44 43.4 12.1 8 1.3 279.9
24HUr-87 88234 8.2 8.4 184.9 2.73 21.1 0.44 45.0 12.1 8 1.7 278.4
27-IUr-87 88239 8.1 8.8 188.2 2.74 21.5 0.44 45.0 12.1 .9 1.4 280.0
3 H U f - r 882*3 8.1 10.0 187.2 2.90 20.1 0.31 44.0 12.4 .4 1.4 278.0
03-Apr-87 88232 8.2 14.0 187.4 2.83 22.7 0.45 45.5 12.5 .4 1.4 281.5
08-«pr-87 88240 8.3 9.0 355 188.7 2.78 22.1 0.44 44.3 12.5 .4 1.8 282.3
IO-Apr-87 88244 8.3 8.0 *09 188.0 2.78 21.3 0.44 44.0 12.5 .5 1.4 280.9
22-Apr-87 88278 8.2 13.3 323 184.9 2.72 21.4 0.43 *5.5 12.0 .5 1.9 279.1
Ol-IUy-87 88290 8.3 188.1 2.74 21.4 0.44 45.0 12.4 1.7 281.2
08-Nay-87 88297 8.2 12.0 272 187.2 2.92 20.7 0.44 45.3 12.2 .4 1.9 278.8
l7-Nay-87 88314 8 11.3 297 188.3 3.13 21.2 0.50 49.0 11.4 .1 1.8 283.4
22-Aay-87 883:9 8.2 11.0 333 187.2 3.04 21.0 0.52 44.9 12.2 .4 1.4 278.9
29-M#r8? 88338 8 12.0 300 188.3 3.02 21.4 0.55 44.9 11.3 .7 1.9 282.0
04-Juii-87 883*5 8.1 11.0 292 187.4 3.34 21.4 0.54 44.3 12.3 .8 2.0 280.4
n-JuB-87 88333 8.1 11.0 31* 188.7 3.32 20.8 0.53 47.2 12.8 .4 1.7 283.4
19-Jui*-B7 88371 8 10.9 315 188.3 3.35 20.4 0.48 45.3 12.7 .4 1.7 280.5
E4-Ju(t-07 B8378 8.2 10.0 332 187.2 3.77 21.3 0.54 44.7 12.3 .8 2.0 280.0
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BLAINE WELL 6R0UND WATER CHEMISTRY METALS Itg/I)
DATE SAMPLE! As Cd Cr Cu Fe Pb Mn Ml Hg Zn
Oi-Jul"B4 BU23 <.005 (.005 (.02 (.02 (.05 (.02 (.02 (.03 (.001 (.02
08-Jul-84 BW28 <.005 (.005 (.02 (.02 (.05 (.02 (.02 (.03 (.001 (.02
I4*jul*84 BW39 (.005 (.005 (.02 (.02 (.05 (.02 (.02 (.03 (.001 (.02
03-Sfp-B6 BW4S (.005 (.005 (.02 (.02 (.05 (.02 (.02 (.03 (.001 (.02
04*Sep-84 BWSO (.005 (.005 (.02 (.02 (.05 (.02 (.02 (.03 (.001 (.02
05-Sep-86 BW54 (.005 (.005 (.02 (.02 (.05 (.02 (.02 (.03 (.001 (.02
08-S*p*84 BW40 (.005 (.005 (.02 (.02 (.05 (.02 (.02 (.03 (.001 (.02
09-Sep-84 ■W43 (.005 (.005 (.02 (.02 (.05 (.02 (.02 (.03 (.001 (.02
lO-S*p-86 BW49 (.005 (.005 (.02 (.02 (.05 (.02 (.02 (.03 (.001 (.02
11-Sep-84 BW71 (.005 (.005 (.02 (.02 (.05 (.02 (.02 (.03 (.001 (.02
12-Sep-B4 BW74 (.005 (.005 (.02 (.02 (.05 (.02 (.02 (.03 (.001 (.02
15-Sep-84 SV78 (.005 (.005 (.02 (.02 (.05 (.02 (.02 (.03 (.001 (.02
17-Sep-86 BW8I (.005 (.005 (.02 (.02 (.05 (.02 (.02 (.03 (.001 (.02
18-5ep-84 BW84 (.005 (.005 (.02 (.02 (.05 (.02 (.02 (.03 (.001 (.02
19-Sep-84 BW84 (.005 (.005 (.02 (.02 (.05 (.02 (.02 (.03 (.001 (.02
2?-Sep-84 BW89 (.005 (.005 (.02 (.02 (.05 (.02 (.02 (.03 (.001 (.02
03-0cl-84 8W98 (.005 (.005 (.02 (.02 (.05 (.02 (.02 (.03 (.001 (.02
07-0ct-84 BWI09 (.005 (.003 (.02 (.02 0.05 (.02 (.02 (.03 (.001 (.02
Oe-Oct-84 BWltl (.003 (.005 (.02 (.02 (.05 (.02 (.02 (.03 (.001 (.02
0»-0ct-86 BWI13 (.005 (.005 (.02 (.02 (.05 (.02 (.02 (.03 (.001 (.02
07-feb-87 8WI74 (.005 (.005 (.02 (.02 (.05 (.02 (.02 (.03 (.001 (.02
19-FeO-B? M190 (.005 (.001 (.02 (.01 0.03 (.01 (.02 (.03 (.001 (.01
07-H*r-87 BW194 (.003 (.001 (.02 (.01 0.09 (.01 (.02 (.03 (.001 (.01ei-Hif-a? BW2I9 (.005 (.001 (.01 (.03 (.01 (.02 (.001 (.01
22-Mer-8? BW223 (.003 (.001 (.01 (.03 (.01 (.02 (.001 (.01
23-M#r-87 BW227 (.005 (.001 (.01 0.14 (.01 (.02 (.001 (.01
2A-M«r-87 BW230 (.005 (.001 (.01 (.03 (.01 (.02 (.001 (.01
23-«ir-87 8W33 (.005 (.001 (.01 0.39 (.01 (.02 (.001 (.01
24-Mer-87 BW234 (.003 (.001 (.01 0.03 (.01 (.02 (.001 (.01
27-Mer-87 BW239 (.003 (.001 (.01 0.14 (.01 (.02 (.001 (.01
3lHtar-87 8W243 (.005 (.001 (.01 0.04 (.01 (.02 (.001 (.01
03-Apf-87 BW252 (.005 (.001 (.01 0.15 (.01 (.02 (.001 (.01
oe-Apr-87 BW240 (.003 (.001 (.02 (.01 (.03 (.01 (.02 (.03 (.001 (.01
IO-Apr-87 BW244 (.003 (.001 (.02 (.01 (.03 (.01 (.02 (.03 (.001 (.01
22-Apr-87 BW278 (.003 (.001 (.02 (.01 (.03 (.01 (.02 (.03 (.001 (.01
Ol-Hiy-87 BW290 (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.03 (.001 (.01
oe-Ner-87 BW297 (.005 (.001 (.02 (.01 (.03 (.01 (.M (.03 (.001 (.01
17-May-87 BW314 (.003 (.001 (.02 (.01 0.04 (.01 (.02 (.03 (.001 (.01
22-Hey-87 BW3I9 (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.03 (.001 (.01
29-May-87 BW33B (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.03 (.001 (.01
O4-Jun-07 BW34S (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.03 (.001 (.01
Il-Iun-07 BW3S3 (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.03 (.001 (.01
l9-Jun-87 BW371 (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.03 (.001 (.01
24-ItiB-87 BV378 (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.03 (.001 (.01
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SOUTH WELL 6R0UND WATER CHEMISTRY
DATE SAMPLE# pH TEMP COND 825 HC03 CL S04 N03-N Ca M, Na K IDS
13-]un-B6 SH17 7.9 13 326 216.1 5.30 19.7 1.44 53.3 1 .3 3.9 1.7 321.7
09-Jul-Bi SU31 7.9 15.0 503 238.4 6.92 21.2 2.45 59.4 1 .5 9.1 2.0 364.4
12-]ul*84 SH36 8.1 11.5 545 236.0 7.20 21.8 2.42 58.5 1 .5 8.3 2.0 361.0
03-Sep-96 SW48 7.9 11.5 261.5 7.31 20.7 3.04 63.0 1 .4 10.4 2.4 396.2
04-Sep*86 SUSl 8.1 12.0 264.5 7.76 20.6 3.24 64.2 1 .4 10.5 2.6 402.0
05-S«|(*B6 SWS5 8.1 11.0 263.6 7.92 20.0 2.90 64.2 1 .1 10.9 2.3 399.8
08-Sep-84 SH57 7.8 11.3 267.1 7.67 22.7 2.88 66.0 1 .4 11.0 2.4 407.1
09-S»p-8i SW62 7.9 11.0 260.4 7.76 20.6 2.81 61.9 1 .4 10.8 2.4 393.8
IO-Sep-86 SH66 7.9 10.5 260.0 8.38 20.8 2.57 61.8 1 .4 10.8 2.4 393.0
11-Sep-86 SU70 7.9 11.0 260.4 7.76 21.2 2.54 61.8 1 .4 10.8 2.4 393.1
12-Sep-86 SH73 8.0 10.3 259.6 7.68 22.0 2.38 61.6 1 .4 10.8 2.4 392.0
15-Sep-86 SW77 7.8 10.9 263.5 7.89 21.3 1.98 63.5 1 .4 10.7 2.4 394.6
16-Sep-06 SW79 7.9 10.4 263.3 8.44 20.8 1.97 63.2 1 .2 11.0 2.2 396.0
17-Sep-86 SW80 7.8 11.0 259,2 7.22 21.1 1.96 63.0 1 .8 10.0 2.2 388.2
18-Sep-86 SW82 7.7 10.5 257.0 7.17 21.1 1.99 62.4 1 .8 10.2 2.4 385.9
19-Sep-86 SH6S 7.8 10.2 254.0 6.90 20.0 2.11 60.2 1 .1 10.2 2.3 380.1
22-Sep-86 SH87 7.8 10.2 270.3 8.81 19.6 1.76 64.2 1 .7 11.2 2.3 401.9
23-Sep-B6 SW90 7.8 10.3 269.7 7.48 19.9 1.72 63.6 1 11.0 2.2 398.6
O3-0ct-86 SU106 8.1 10.0 256.6 6.04 19.1 1.77 60.2 1 .8 10.5 2.1 379.1
06-0ct-86 SWIOS 8.3 10.0 462 268.6 7.40 19.5 1.68 62.8 1 .4 11.9 2.3 398.3
O7-0ct-86 SHI 10 7.8 9.1 445 265.2 7.30 19.5 1.63 61.6 1 .4 11.8 2.3 387.3
08-0ct-86 SH112 7.9 9.2 466 265.2 7.70 19.0 1.68 61.6 1 .4 11.8 2.3 392.4
09-0ct-86 SHIU 7.8 10.1 533 266.7 7.10 19.7 1.69 61.6 1 .4 11.8 2.3 392.6
lO-Oct-86 SHI 16 8.3 9.5 444 264.9 7.90 18.6 1.63 61.6 1 .5 12.0 2.1 391.6
29-0ct-86 SU120 8.0 9.9 468 256.6 5.92 20.1 1.49 59.4 1 .5 10.6 2.5 378.2
07-feb-87 SH180 7.9 8.0 415 228.3 7.20 18.3 0.88 56.0 1 5 8.5 2.2 340.9
19-fek-87 SHI91 8.0 8.0 444 237.8 9.12 17.5 0.86 55.8 1 9.2 1.9 350.9
07-Mar-87 SHI98 13.0 480 24.00 20.0 60.0 1 8.0 1.9
21-Mar-87 5H220 8 8.0 222.4 20.80 18.4 0.79 58 2 1 .6 10.3 1.9 351.1
22-Mar-87 SH22S 8.1 9.6 220.2 17.80 19.6 1.02 56 5 1 .1 9 2 1.7 344.6
23-Mar-87 SU228 8.1 10.9 223.1 23.40 19.0 0.75 59.8 1 .6 10.2 1.9 356.3
26-Mar-87 SH231 8.2 10.1 231.0 25.20 17.1 0.73 60.9 1 10.6 1.9 365.9
25-Mar-87 SH236 8.1 11.0 232.0 23.70 18.8 0.80 60.6 1 .1 10.8 1.9 367.4
26-Mar-87 SH237 8.1 8.3 236.0 25.40 17.6 0.85 61.6 1 .4 11.3 1.9 374.0
27-Mar-87 SW2W 8.0 9.3 235.3 23.50 18.8 0.82 61.4 1 .3 10.8 1.9 371.6
31-Mar-87 SH266 8.3 12.3 229.2 15.80 18.6 0.86 58.8 1 .4 10.0 2.0 353.0
OS-Apr-87 SH254 8.0 16.0 226.0 14.80 19.8 0.82 57.4 1 9.6 2.0 349.3
08-6pr-87 SH263 8.1 219.8 11.00 18.6 0.79 53.0 1 .7 8.7 1.8 331.1
lO-Apr-87 SU268 8.3 14.0 423 223.1 12.40 17.9 0.81 55.6 I .6 9.4 1.9 338.5
22-Apr-87 SH28I 8.2 12.1 392 219.8 11.30 18.3 0.78 53.0 1 .1 9.4 2.2 331.6
Ol-May-87 SB293 8.3 11.0 311 217.2 #19.5 19.0 0.79 53.1 1 9.0 1.8 337.4
08-May-87 SH300 8 13.0 364 264.5 6.88 17.7 1.35 61.6 1 .9 12.0 2.3 387.9
17-May-87 SH3I3 8 12.5 373 241.7 8.00 20.0 1.81 56.9 1 .9 10.0 2.3 362.7
22-May-87 SH322 7.9 12.0 417 237.1 8.48 19.0 1.39 56.0 1 .6 10.1 2.0 354.4
29-May-87 SU341 8.0 ' 396 231.7 10.00 19.1 1.23 54.5 I .9 10.0 2.2 348.9
06-Jun-87 SH348 8.2 380 241.0 13.20 20.3 1.21 59.6 1 .4 10.5 2.6 369.0
11-Jun-87 SH3S6 8.2 12. J 370 233.1 9.25 20.0 1.21 56.2 1 9.2 2.1 351.2
19-Jun-87 SH376 7.9 11.3 384 234.9 6.05 20.4 1.63 55.7 1 .7 9.1 2.4 351.5
24-Jum-87 SH379 8 11.0 394 234.2 6.86 21.2 1.60 56.1 1 .4 9.5 2.2 352.6
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s o u t h  WELL GROUND WATER CHEMISTRY
DATE SAMPLE# Aï Cd Cr Cu Fe Pb Mn Ni Zn
l3-Jun-06 SW17 (.005 (.005 (.02 (.02 (.05 (.02 (.02 (.03 (.001 0.02
08-Jul-B4 SW31 (.005 (.005 (.02 (.02 (.05 (.02 (.02 (.03 (.001 (.02
i2-Jul-84 SW34 (.005 (.005 (.02 (.02 (.05 (.02 (.02 (.03 (.001 (.02
O3-S*p-06 SW48 (.005 (.005 (.02 (.02 (.05 (.02 (.02 (.03 (.001 (.02
0A-3*p-86 SWSl (.005 (.005 (.02 (.02 (.05 (.02 (.02 (.03 (.001 (.02
05-Sep*84 SW55 (.005 (.005 (.02 (.02 (.03 (.02 (.02 (.03 (.001 (.02
08-Sep-86 SW57 <.005 (.005 (.02 (.02 (.05 (.02 (.02 (.03 (.001 (.02
09-Sfp-B4 SH42 <.005 (.005 (.02 (.02 (.05 (.02 (.02 (.03 (.001 (.02
lO-Sep-86 SW44 (.005 (.005 (.02 (.02 (.05 (.02 (.02 (.03 (.001 (.02
ll-Sep-84 SW70 <.005 (.005 (.02 (.02 (.05 (.02 (.02 (.03 (.001 (.02
12-Sep-B4 SW73 <.005 (.005 (.02 (.02 (.05 (.02 (.02 (.03 (.001 (.02
15-S«p-84 SW77 <.005 (.005 (.02 (.02 (.05 (.02 (.02 (.03 (.001 (.02
16-S*p-84 SW79 <.005 (.005 (.02 (.02 (.05 (.02 (.02 (.03 (.001 (.02
17-Sep*84 SW80 <.005 (.005 (.02 (.02 (.03 (.02 (.02 (.03 (.001 (.02
18-S«p-84 SH82 (.005 (.005 (.02 (.02 (.05 (.02 (.02 (.03 (.001 (.02
l9-S*p-84 SW85 (.005 (.005 (.02 (.02 (.05 (.02 (.02 (.03 (.001 (.02
28-S*p-86 SW87 (.005 (.005 (.02 (.02 (.05 (.02 (.02 (.03 (.001 (.02
23-Sep-86 SW90 (.005 (.005 (.02 (.02 (.05 (.02 (.02 (.03 (.001 (.02
03-0ct-84 SU104 (.005 (.005 (.02 (.02 (.05 (.02 (.02 (.03 (.001 (.02
04-Dtt-B4 SUIOS <.005 (.003 (.02 (.02 (.05 (.02 (.02 (.03 (.001 (.02
07-0ct-86 SHllO (.005 (.005 (.02 (.02 (.05 (.02 (.02 (.03 (.001 (.02
08-0ct-84 58112 (.005 (.005 (.02 (.02 (.05 (.02 (.02 (.03 (.001 (.02
O9-Oct-04 SHI 14 (.005 (.005 (.02 (.02 (.05 (.02 (.02 (.03 (.001 (.02
lO-Oct-84 S8114 <.005 <.005 (.02 (.02 (.05 (.02 (.02 (.03 (.001 (.02
24-8ct-84 58120 (.005 <.005 (.02 (.02 (.05 (.02 (.02 (.03 (.001 (.02
07-Frt-87 58180 (.003 (.003 (.02 (.02 (.05 (.02 (.02 (.03 (.001 (.02
19-ffb-t7 58191 (.003 (.001 (.02 (.01 0.05 (.01 (.02 (.03 (.001 (.01
07-Mar-87 58198 (.005 (.001 (.02 (.01 0.32 (.01 (.02 (.03 (.001 0.01
21-Mar-87 58220 <.003 (.001 (.01 (.03 (.01 (.02 (.001 (.01
22-Mar-87 58223 (.005 (.001 (.01 (.03 (.01 (.02 (.001 (.01
23-Har-B7 58228 (.005 (.001 (.01 (.03 (.01 (.02 (.001 (.01
24-Mar-87 58231 <.005 (.001 (.01 0.33 (.01 (.02 (.001 (.01
25-Har-87 58234 (.003 0.001 (.01 (.03 (.01 (.02 (.001 (.01
24-Mar-87 58237 (.005 (.001 (.01 0.13 (.01 (.02 (.001 (.01
27-Mar-87 58240 (.005 (.001 (.01 0.04 (.01 (.02 (.001 (.01
3I-Mir-B7 58244 (.005 (.001 (.01 0.03 (.01 (.02 (.001 (.01
05-Apr-87 58254 <.005 (.001 (.01 (.03 (.01 (.02 (.001 (.01
08-Apr-87 S8243 (.005 (.001 0.04 (.01 0.13 (.01 (.02 (.03 (.001 (.01
lO-Apr-07 58248 (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.03 (.001 (.01
22-Apr-87 58281 (.003 (.001 (.02 (.01 (.03 (.01 (.02 (.03 (.001 (.01
Ol-May-87 58293 (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.03 (.001 (.01
08-May-87 58300 <,005 (.001 (.02 (.01 (.03 (.01 (.02 (.03 (.001 (.01
17-May-87 58313 (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.03 (.001 (.01
22-May-B7 58322 (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.03 (.001 (.01
29-May-87 58341 (.003 (.001 (.02 (.01 (.03 (.01 (.02 (.03 (.001 (.01
04-Jub-87 58348 (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.03 (.001 (.01
1l-Jun-87 58354 (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.03 (.001 (.01
19-Jwm-87 58374 <.005 (.001 (.02 (.01 (.03 (.01 (.02 (.03 (.001 (.01
24-Iun-87 58379 (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.03 (.001 (.01
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GROUND MATER CHEMISTRY GROSS CHEMISTRY (lo /l)
DATE SAI4PLEI pH TEMP COND 825 HC03 CL 504 N03-N Ca «9 Na K TDS
ïl-« ir-87 HB221 8.0 8.0 184.9 3.04 21.9 0.50 45.1 12.7 4.8 1.4 281.0
31-«jr-B7 «8247 8.2 10.9 184.2 3.18 22.2 0.48 45.5 12.4 4.7 1.7 280.2
O5-Apr-07 WB255 8.0 13.0 184.5 3.09 23.4 0.48 45.5 12.5 4.4 1.4 281.5
lO-ftpr-87 «8249 8.2 10.0 342 187.2 3.18 22.8 0.50 44.3 12.4 4.7 1.5 282.5
23-ftpr-87 «8282 8.1 12.1 321 185.1 3.00 21.8 0,50 44.5 12.3 4.8 1.7 277,4
Ol-Hay-87 «8294 8.1 9.3 313 193.7 5.91 24.8 0.75 48.2 13.4 7.1 1.7 298.1
0e-«»y-87 «8301 8.1 11.4 249 173.0 3.48 24.0 0.41 43.3 11.7 7.0 1.5 244.9
17-Hiy-87 «8314 7.4 10.0 289 148.2 3.11 17.4 0.52 39.7 11.4 4.8 1.8 251.7
22-«iy-87 «8323 7.7 11.0 309 147.9 2.84 18.7 0.54 39.7 10.8 4.5 1.5 250.3
29-m,y-87 «8342 7.8 11.0 314 142.5 2.39 18.9 0.45 39.1 10.8 4.5 1.7 243.9
04-Jun-07 «B343 7.8 10.0 271 145.0 2.44 19.1 0.43 39.7 11.0 4.3 1.9 247.4
1l-Jufl-87 «8352 7.9 10.0 271 167.5 2.38 18.5 0.38 40.1 11.3 4.0 1.5 249.0
17-]uft-07 «8370 7.4 10.3 292 170.7 2.48 19.7 0.41 39.4 11.2 4.5 1.7 252.5
24-Jun-87 «8377 7.8 9.0 298 171.5 2.42 18.7 0.41 40.3 11.2 4.4 1.7 254.2
03/17/87 30205 8.1 9.3 374 199.1 2.19 18.8 0.52 47.0 12.4 4.4 1.7 290.1
04/02/87 S0248 8.1 10.1 402 202.3 3.04 19.2 0.52 48.4 12.8 4.8 1.8 293.2
04/10/87 30244 8.4 9.3 357 194.2 3.04 19,4 0.50 44.7 12.9 4.7 1.7 289.0
04/24/87 S02S4 8.2 14.0 338 200.0 3.00 20.1 0.51 47.5 12.7 4.9 1.9 294.5
05/27/87 30334 8.3 10.8 24 192.2 3.10 19.1 0.44 44.4 12.9 5.0 1.4 282.8
04/12/87 30358 8.1 10.0 330 192.4 3.19 19.7 0.54 44.4 12.7 4.4 1.8 285.3
07/02/87 30380 a 10.0 322 194.1 3.42 20.4 0.44 45.9 13.0 7.1 1.4 288.4
17-MK-87 DN208 8.3 208.9 3.72 19.8 0.71 50.5 13.2 7.1 1.0 308.3
04-Apr-87 DM25? 8.1 9.8 412 209.4 3.30 18.5 0.44 49.8 13.3 4.9 1.8 305.9
11-Apr-87 DM270 8.4 9.2 378 204.4 3.25 18.2 0.48 48.4 13.1 7.0 1.7 299.3
24-Apr-87 DM287 8.2 10.8 370 202.4 3.15 19.3 0.44 47.0 13.0 7.1 1.7 294.7
2?-May-87 DM332 8.2 10.1 430 198.3 3.14 18.3 0.47 44.4 13.2 7.3 1.7 291.5
12-Jun-B7 DM341 8.3 10.0 328 194.9 3.44 19.3 0.59 44.4 13.1 4.7 1.7 290.2
02-Jul-B7 DM384 8 10.0 174 198.7 3.44 18.9 0.40 44.0 13.3 7.4 1.8 292.4
19-Feb-B7 EN193 8.2 9.9 377 200.1 3.33 17.9 0.47 45.4 13.5 7,3 1.5 292.2
17-M«r-87 EM207 8.2 11.2 344 199.8 3.27 19.0 0.44 48.0 13.0 4.9 1.8 294.4
04-Apr-B7 EM254 8.1 10.4 388 199.4 3.23 18.4 0.41 47.5 13.0 4.9 1.9 293.2
tl-Apr-87 EM271 8.3 10.5 374 199.1 3.04 18.7 0.59 47.1 12.7 4.9 1.4 291.8
24-Apr-B7 CM284 8.2 10.5 343 198.7 3.00 18.9 0.59 47.5 12.5 4.9 1.7 291.8
27-m*y-B? EM334 8.3 10.5 441 193.3 3.50 18.4 0.59 45.1 13.1 7.0 1.8 284.8
12*Jun-87 EM340 8.2 10.2 327 193.2 3.58 19.2 0.54 44.3 12.9 4.7 1.4 285.7
02-Jul-87 EM382 a 10.1 324 194.8 4.09 19.3 0.54 45.4 13.0 7.4 1.4 288.2
l9-frt-87 CMI92 8.2 232.4 4.90 18.7 0.89 55.1 15.0 8.9 1.7 342.4
17-tlar-B7 CM204 8.1 9.2 437 231.0 4.57 17.4 0.91 54.5 14.4 8.4 1.8 338.5
02-Apr-B7 CM249 8.2 10.3 471 231.0 4.15 17.8 0.84 55.2 14.4 8.4 1.8 230.3
li-Apr-87 CM272 8.4 10.5 449 229.9 5.97 18.5 0.47 54.4 14.3 8.4 1.8 334.4
24-Apr-87 CM28S 8.1 11.2 414 228.8 5.84 18.7 0.88 54.4 14.2 8.4 2.1 334.4
27-M,y-87 CH339 8.3 12.0 480 227.7 5.34 17.3 0.74 52.2 14.3 8.4 1.9 330.7
12-Jun-87 CM3S9 8.2 10.5 371 221.3 5.07 17.4 0.48 52.2 14.2 8.1 1.7 323.0
02-Jul-87 CM381 8 11.2 352 220.4 5.04 18.0 0.44 50.8 14.0 8.8 1.9 322.1
ns^Moisoa ueu SO'SmiJHGATE OFFICE HELL DH'DEARBQRW MELL EW=EN6INE REBUILDERS MELL CM>CHECKER AUTO HELL
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GROUND WATER CHENI5TRT METALS (19/11
DATE SAMPLE* As Cd Cr Cu Ft Pb Bn Ml Hg Zn
21-Nar-87 MB22I :.005 (.001 (.01 0.09 (.01 (.02 (.001 0.21
3l-N»r-87 HB247 <.005 (.001 (.01 0.12 (.01 (.02 (.001 (.01
i)5-Apr-87 MB255 '.005 (.001 (.01 (.03 (.01 (.02 (.001 (.01
IO-Apr-87 HB269 <.005 (.001 (.02 (.01 (.03 (.01 (.02 (.03 (.001 (.01
23-Apr-87 MB282 <.005 (.001 (.02 (.01 (.03 (.01 (.02 (.03 (.001 (.01
Ol-May-87 MB294 <.005 '.001 (.02 (.01 0.11 (.01 (.02 (.03 (.001 (.01
08-Hay-87 M830I .̂005 (.001 (.02 (.01 (.03 (.01 (.02 (.03 (.001 (.01
l7-Nay-87 MB314 <.005 (.001 (.02 (.01 (.03 (.01 (.02 (.03 (.001 (.01
22-May-8? MB323 (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.03 (.001 (.01
2A-«ay-87 HB342 <.005 (.001 (.02 (.01 (.03 (.01 (.02 (.03 (.001 (.01
04-Jun-87 B8343 <.005 (.001 (.02 (.01 (.03 (.01 (.02 (.03 (.001 (.01
11-Jun-07 NB3S2 <.005 (.001 (.02 (.01 (.03 (.01 (.02 (.03 (.001 (.01
19-Jun-87 NB370 <.005 (.001 (.02 (.01 (.03 (.01 (.02 (.03 (.001 0.03
2A-Jun-87 B0377 <.005 (.001 (.02 (.01 (.03 (.01 (.02 (.03 (.001 (.01
03/17/87 S020S <.005 (.001 0.02 (.01 0.11 (.01 (.02 (.03 (.001 0.07
04/02/87 S024B (.005 (.001 (.01 0.10 (.01 (.02 (.001 0.25
04/10/87 S0264 (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.03 (.001 0.10
04/24/87 80284 (.005 (.001 <.02 (.01 0.04 (.01 (.02 (.03 (.001 0.16
05/27/87 80336 (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.03 (.001 0.10
06/12/87 80358 (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.03 (.001 0.06
07/02/87 S0380 (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.003 (.001 0.07
17-«ar-87 BW208 (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.03 (.001 0.21
06-Apr-87 0W257 (.005 (.001 (.01 (.03 (.01 (.02 (.001 0.09
ll-Apr-87 DW270 (.005 (.001 (.02 (.01 0.06 (.01 (.02 (.03 (.001 0.11
24-Apr-87 DW287 (.005 (.001 (.02 (.01 0.05 (.01 (.02 (.03 (.001 0.03
27-Nay-B7 DW332 (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.03 (.001 0.03
IE*Jun-87 9W361 <.005 (.001 (.02 (.01 (.03 (.01 (.02 (.03 (.001 0.04
02-Jul-87 DW384 (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.03 (.001 0.02
19-F«0-87 EW193 <.001 (.001 (.02 (.01 0.05 (.01 (.02 (.03 (.001 0.02
l7-Bar-87 EW207 (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.03 (.001 0.02
06-Apr-87 EW2S6 (.005 (.001 (.01 0.11 0.01 (.02 (.001 0.02
ll-Apr-87 EW271 (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.03 (.001 0.02
24-Apr*07 EW286 (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.03 (.001 0.03
27-Bay-87 EW334 (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.03 (.001 0.02
12-Jun-87 EW360 (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.03 (.001 0.01
O2-Jul-07 EW382 (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.03 (.001 0.02
19-FA-87 CWI9E (.005 (.001 (.02 0.13 0.05 (.01 (.02 (.03 (.001 0.04
17-Mar-87 CW206 (.005 (.001 (.02 0.03 0.18 (.01 (.02 (.03 (.001 0.01
02-Apr-87 CW249 (.005 (.001 0.07 0.08 (.01 (.02 (.001 0.03
ll-Apr-87 CW272 (.005 (.001 0.04 0.17 0.15 (.01 (.02 (.03 (.001 0.04
24-Apr-87 CW285 (.005 (.001 (.02 0.07 (.03 (.01 (.02 (.03 (.001 0.01
27-B*y-87 CW33S (.005 (.001 (.02 0.05 (.03 (.01 (.02 (.03 (.001 0.03
12-Jun-87 CW359 (.005 (.001 (.02 0.03 (.03 (.01 (.02 (.03 (.001 (.01
02-Jul-87 CW381 (.005 (.001 (.02 0.03 (.03 (.01 (.02 (.03 (.001 0.02
H8>BADIS0N WELL S0=80UTH6ATE OFFICE WELL DW'OEARBORN WELL EN’ EMINE REIUILBERS WELL CW>CHECXER AUTO
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NITR06EN FORMS, OIL AND GREASE TOTAL METALS
RUNOFF
DATE SAMPLE dis FN TKN N03-N0 tot N03-N02 016 As Cd Cu Cr Fe Pb Mn Hg Ni Zn
24-Jan-87 MO140 4.3 2.28 7
29-Jan-87 M0144 1.8 0.89 4
01-Feb-87 M0148 2 5 4.1 0.48 0.43 14 <.005 (.001 0.05 4.77 0.14 0.38 (.001 0.24
05-Fib-87 M0175 1.9 2 (.005 (.001 (.01 (.02 2.28 0.03 0.19 (.001 (.03 0.09
M0182 4.3 0.78 8 <.005 (.001 0.05 11.2 0.3 0.44 (.001 0.47
24-Jan-87 80141 5.9 3.12 10
27-Jan-87 80142 4.5 1.87 10
29-Jan-87 80145 2.4 1.17 7
01-Feb-87 80171 2.4 0.25 7 (.005 (.001 0.03 4.05 0.19 0.34 (.001 0.3
05-Feb-B7 80173 2.4 4 (.005 (.001 0.05 0.03 12 0.21 0.39 (.001 (.03 0.38
13-Feb-87 80184 3 0.3 4 (.005 (.001 0.04 9.1 0.21 0.33 (.001 0.33
4-Mar-87 SD200 0.9
14-Mar-B7 SD202 1.3 3 tot NO
27-Jam-87 BP143 2 0.72 11
VADOSE ZONE 
3 FT SOUTH
21-Mar-87 214 0.3
13 FT SOUTH 
21-Har-87 217 0.7
3 FT 8LAINE
07-Feb-87 178 1.4
21-Mar-87 214 0.1
13 FT BLAINE
07-Frt-B7 177 0.70 <1
15-Frt-87 187 0.4 2.14
07-Mar-87 195 0.4 2.52
l4-Mar-87 204 0.5 I
21-Mar-87 215 0.40
22-Mar-87 222 0.30
25-Mar-87 232 0.20
24-Mar-B7 235 0.30
27-Mar-8? 238 0.40
31-Mar-87 242 0.30 1
05-Apr-87 251 0.40 2
08-Apr-87 259 <l
lO-Apr-87 245 2
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GROUNDWATER
date SAMPLE dis KN TKN N03-N0 tot N03-MÛ2 016
07-FeO-87 SU180 1
07-Mir-a7 SN19B 0.3 1.28
27-Mar-8? SW228 3
07-Feb-8? W l77 0.30 <j
23-Mar-87 8M227 <t
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APPENDIX F
RESULTS OF EPA ORGANIC PRIORITY 
POLLUTANT SAMPLING
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SAMPLE DESCRIPTION INFORMATION
for
CD
Q .
■D
CD
C/)
C/)
üniveraity Of Montana
3.
3"
CD
CD■DO
Q .CaO3"OO
RM A Sample No. Sample Description
61913-01
61913-02
61913-03
11 Blanche Outfall 
#2 Mlssoullan Outfall 
#3 But trey's
Sample Type Date Sampled
Water
Water
Water
8/ 12/86
8/ 12/86
8/ 12/86
Date Received
8/18/86
8/18/86
8/18/86
September 12, 1986
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■DO
Q .
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Q .
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ANALTnCAL BE8ULTS 
for
ünlvcmity of MonUna
Rocky liounltlfi An#ly%^#l labortioiy
8
ci'
BASB/NIUTIAL AND ACID PMOUTT POIXUTANTB
3
3"
CD
CD■DO
Q .CaO3"OO
CD
Q .
■D
CD
C/)
C/)
Pvamtttr Unlta «1913-01 61913-02 61913-03
AcenaphtiiM* %*/L BDL (S) BDL (&) BDL (5)
Acena^UtyUM ug/L BDL (S) BDL (5) BDL (5)
AnthriMM ug/L BDL (5) BDL (5) BDL (5)
BenxidlM ug/L BDL (20) BDL (20) BDL (20)
Benso(a)anthraemc Mg/L BDL (&) BDL (&) BDL (5)
Henzo(a)pyr«M ug/L BDL (5) BDL (S) BDL (5)
3,4'Bcfu^uoranthane ug/L BDL (&) BDL (5) BDL (5)
Henzo(g,h,l)pafyl*n# ug/L BDL (&) BDL (S) BDL (5)
BenzoQtKluoranthene Ug/L BDL (S) BDL (3) BDL (5)
His(3-«htoriMthoiy}inctltwi« ug/L BDL (5) BDL ($) BDL (S)
His(2-ehlorMtliyl)«tlMr ug/L BDL (5) BDL (S) BDL (S)
His(3-eMorolMpropyl)cther ug/L BDL (S) BDL (5) BDL (5)
HisO-athylhayllpKtlwlat* ug/L BDL (5) BDL (S) BDL (5)
4-Bromof»tonyl pAamyl athar ug/L BDL (5) BDL (5) BDL (3)
Butylbaaayl ̂ thalata %#/L BDL (5) BDL (5) BDL (3)
2 - C Moronaphthalana tgc/L DDL (5) BDL (5) BDL (3)
4-Chlotophanyl phanyl athar ug/L BDL (S> BDL (5) BDL (3)
Chrytcna ug/L BDL <S) BDL (5) BDL (3)
Uit>eiao(atiOanlhrae«M ug/L BDL (S) BDL (&) BDL (3)
1, 2* DleMorohaitsana Ug/L DDL (5) BDL (5) BDL (3)
1,3 Dlehlorobanaana ug/L BDL (S) BDL (5) BDL (5)
1,4-Dlehtarobanaana ug/L BDL (5) BDL (5) BDL (5)
3,3'* Dlehlorotwmldlna ug/L BDL (20) BDL (20) BDL (20)
Diethyl phthalata ug/L BDL (0) BDL (5) BDL (5)
Dimethyl phthalata ug/L BDL (5) BDL (5) BDL (5)
Di -n-butyl phthalata ug/L BDL (&) BDL (5) BDL (3)
2,4-Dlnltrotoliiana ug/L BDL (S) BDL (5) BDL (5)
2,6-Dlnltrotoluana ug/L BDL (S) BDL (5) BDL (3)
uni. = Below Detection Limit#. Detection limits In parentheses. VI
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ANALTHCAL RB8ULTB 
for
U n W o f  MonUif
Rocky Mountain Anaiyi.*al latMiratory
8
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HASK/mOTIAL AND ACID PKlOBfTT POLLUTANTS (CONT.)
3
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C/)
ParamcUr Unite «191S-0I 61913-02 61913-03
Oi'fi-oetyl lAttiÉlata ug/L BDL <S) BDL (5) BDL (5)
1,2 DlptwnfUiyilrulM* ug/L BDL (S) BDL (5) BDL (5)
PluoraHtlMM Ug/L BDL (5) BDL 15) BDL (5)
Fluorana ug/L BDL (5) BDL (5) BDL (5)
IleKaehlorabansene ug/L DDL <5) BDL (5) BDL (5)
HexaehlorabuUittene ug/L BDL (5) BDL (5) BDL (5)
liexaehlomyelopantadicne ug/L BDL (5) BDL (5) BDL (5)
HeuehloroatlMne ug/L BDL (5) BDL (S) BDL (5)
lndeno(l»I.S'ed)pyr«M ug/L BDL (5) BDL (5) BDL (5)
IsophoroM ug/L BDL (S) BDL (5) BDL (5)
Naphttelana Ug/L BDL (5) BDL (5) BDL (5)
NitrobaiiMM ug/L BDL (S) BDL (5) BDL (5)
N-NitrModlnathylamlne ug/L BDL (S) BDL (5) BDL (5)
N-NltnModln-proi^y lamina ug/L BDL (S) BDL (5) BDL (5)
N - N llraaoAtphany la mine* ug/L BDL (S) BDL (5) BDL (5)
PhenantlmM ug/L BDL <S) BDL (5) BDL (5)
Pyrena ug/L BDL <S) BDL (S) BDL (5)
1.2,4-Tlrl«lilorobansana ug/L BDL (5) BDL (5) BDL (5)
2 Chloeophaaol ug/L BDL (S) BDL (5) BDL (5)
2,4-Dlehlarophanol ug/L BDL (5) BDL (5) BDL (5)
2,4-Dlmathylptttnol ug/L BDL (5) BDL (5) BDL (5)
4,6-Dinltro*o-oraaol %#/L BDL (10) BDL (10) BDL (10)
2,4-Dlnllroplwnol ug/L BDL (10) BDL (10) BDL (10)
2 NItrophanol ug/L BDL (S) BDL (5) BDL (5)
4-NUropltanol ug/L BDL (10) BDL (10) BDL (10)
pCMoro-m'eraaol ug/L BDL (5) BDL (5) BDL (5)
PentacMoropAanol ug/L 7 (5) BDL (5) BDL (5)
Phenol ug/L BDL (5) BDL (5) BDL (S)
2,4,6-Tlrlehloraphanol ug/L BDL (S) BDL (5) BDL (5)
IIDL = Below Detection Limits. Detection limits in parentheses. * = Value Outside QC Limits. cn
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ANALYTICAL RESULTS 
for
U n iv m it f  of Montmn#
Rocky Mountain Analyi.^^l Laboralury
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volahu puoairr pollutants
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CD
C/)
C/)
Par«ffl«t*r Unite 61919-01 61913-02 01913 03
Acrolein i * / L BDL (100) BDL (100) BDL (100)
AcrylonltrtI* i# /L BDL (100) BDL (100) BDL (100)
Benzene ug/L BDL (5) BDL (4) BDL (4)
Bromoforni ug/L BDL (S) BDL (4) BDL (4)
Cerbon tetrnehlorlde ug/L BDL (5) BDL (4) BDL (4)
Chlorobeneene ug/L BDL (5) BDL (4) BDL (4)
Chlorodibroflionethene ug/L BDL (5) BDL (4) BDL (4)
Chloroethnne ug/L BDL (10) BDL (10) BDL (10)
2-CMoroetliylvtnyl eltier ug/L BDL (5) BDL (4) BDL (4)
Chloroform ug/L BDL (S) BDL (4) BDL (5)
Dichlorobronomethene ug/L BDL (S) BDL (4) BDL (4)
Ll-Oiehloroethane ug/L BDL (5) BDL (4) BDL (4)
1,2 - Diehloroethane ug/L BDL (S) BDL (4) BDL (4)
1,1 DIchloroethylene ug/L BDL (4) BDL (4) BDL (4)
1,2 -DIeMoropropnne ug/L BDL (S) BDL (4) BDL (4)
1,3-DleMoroptopylene (cAt) ug/L BDL (4) BDL (4) BDL (4)
EthyttwoMM ug/L BDL (4) BDL (4) BDL (4)
Methylbromide Ug/L BDL (10) BDL (10) BDL (10)
Methylolklorlde Ug/L BDL (10) BDL (10) BDL (10)
Methylene ehlorkle ug/L BDL (10) BDL (10) BDL (10)
1,1,2,3-Tetreehloroethene ug/L BDL (4) BDL (4) BDL (4)
Tetreehloroethylene ug/L BDL (4) BDL (4) BDL (4)
Toluene ug/L BDL (4) BDL (4) BDL (4)
1,2-lrem-Dlehloroethylene ug/L BDL (4) BDL (4) BDL (4)
1,1,1 -Triehloroethene ug/L BDL (4) BDL (4) BDL (4)
1,1,2 Triehlofoethene ug/L BDL (4) BDL (4) BDL (4)
I'richloroethyiene ug/L BDL (4) BDL (4) BDL (4)
Vinyl chloride ug/L BDL (10) BDL (10) BDL (10)
UDL = Below Detection Limits. Detection limits in parentheses.
\
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ROCKY MOUNTAIN A LYTICAL LABORATORY
Orfmnlc Analytical Methodology
c/)c/)
8
ci'
3
3"
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Q .
Nominal P re s e rv a iiu n Maximum
Parameter Units Detection Limit'®' Methodoloav Reference^ tlottle No. H o ld in g  Time
Purgeablea ug/l t Purge it Trap GC/MS 624 11 14 (tiiys
Base/Neutrals ug/1 10 Ex trac t ion/G C /MÜ 825 12 7 d a y s /4 0  days
Acids ug/l 10 Extractlon/GC/MS 825 12 7 d a y s /4 0  days
Organoehlorlna Pestlcldes/PCB*s ug/l 0.01 Extractlon/GC/ECD 808 13 7 d a y s /4 0  days
10 Extractlon/GC/MS 825 12 7 d a y s /4 0  days
Phenoxy Herhleldes ug/l 0.01 Extractlon/GC/ECD (2 ) 14 7 d a y s /4 0  days
Total Orgamie Halogen (TOX) ug/l S Adsorptlon/Coulomelrlc 4 5 0 .1 (3 ) IS -
Trlhalomathamea (THM) ug/l 1 Extractlon/GC/ECD (4) I I 14 days
1 Purge A Trap GC/MS (4) 11 14 days
Dioxin ug/l 0 .0 0 5 Extractlon/GC/MS/ECD 813 16 7 days/40 days
PuigeaMe Halocarbons ug/l 0.01 Purge A Trap/GC/Hall 801 I I 14 days
PurgeaWa Aromatlcs ug/l 1 Purge A Trap/GC/PID 602 17 14 days
Acrolein A Acrylonltrlle ug/l 100 Purge A Trap/GC/FID 803 18 14 days
Phenols by GC ug/l 10 Extraction/GC/FID 804 16 7 d a y s /4 0  days
Benxldlnea ug/l 0.1 Extractlon/HPLC 80S 19 7 d y a s /4 0  days
Phthalate Esters ug/l 10 Extractlon/GC/FID 808 12 7 d a y s /4 0  days
Nitroaamlnes ug/l 1 Extraction/GC/NPU 807 20 7 d a y s /4 0  days
N11 roaroma t Ics/tsophorone ug/l 1 Extraction/GC/FID A GC/ECO 809 12 7 d a y s /4 0  days
Polynwctear Aromatlcs ug/l 0 .5 Extractlon/HPLC 810 20 7 d a y s /4 0  days
Haloethera ug/l 1 Ex traetlon/GC/HaJ 1 611 17 7 d a y s /4 0  days
Chlorinated Hydrocarbons ug/l 0 .0 2 Extractlon/GC/ECD 812 12 7 d a y s /4 0  days
Organophosphorus Pesticides ug/l 0.1 Extractlon/GC/N PD 62 2 (5 ) 12 7 d a y s /4 0  days
Triaxina Pesticides ug/l 0.1 Extractlon/GC/NPD (8 ) 12 7 d a y s /4 0  days
Reference#
" O
CD
(/)(/)
(1) Federal Register. Vol. 44, No. 233, Monday, December 3, 1919.
(2) "Method for Chlorinated Phenoxy Acid Herbie Idem In Indumlrlal Effluents", Federal Register, Vol. 38, No. IS, Part II.
(3) "Total Organic Halide", US EPA-EMSL, Cincinnati, November, 1980.
(4) Federal Register. Vol. 44, No. 231, Thursday, November 29, 1919, Appendix, Part I.
(S| "Method 822 Organophosphorus Pesticides", Proposed EPA Method, 304 (h) Committee.
(6) Federal Register. Vol. 30, No. IS , 1973.
Note» 
a Nominal values are the best achievable with the listed analytical method for a typical component, interferences in s p e c if ic  sam ples m ay result 
in a higher detection limit.
Applicable to NPDES Wastes as updated by Kobert C. Booth, Director, EMSL Cincinnati, September 22, 1981. Where two t imes are given, the 
first refers to the time to extraction, the second to the time of instrumental analysis.
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APPENDIX G
WATER LEVEL AND CONCENTRATIONS VS TIME 
COMMERCIAL SITE
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APPENDIX H 
QUALITY CONTROL
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BLANKS GROSS CHEMISTRY C g / U
Site Saeple 1 pH HC03 Cl S04 N03 Ca Mg Na K
0A'Jun"B6 R07 ».9 1.1 0.70 (.5 (.01 (.1 (.01 0.1 0.1
08-Juti'8i R015 5 0 (.01 (.5 (.01 (.1 (.01 0.1 0.2
29-Jun-96 R022 5.1 -0.5 0.55 (.5 0.01 (.1 (.01 0.2 (.01
09-Jul-96 8U30 6,3 0.72 0.07 (.5 0.05 0.3 0.04 0.07 (.01
U-Jul-06 LY37 5.6 ■0.65 0.81 (.5 0.04 0.1 0,03 0.2 0.15
16-Jul-86 LY3B •etals only
03-Sep-96 eWAR 6 0.11 <.01 (.5 0.01 (.1 (.01 0.06 (.01
08-Sep-86 6H61 5.7 0.13 (.01 (.5 0.02 (.1 (.01 0.06 '.01
11-Sep-86 6872 5.7 0 <.0I (.5 (.01 (.1 (.01 0.04 (.01
30-Sep-96 RM6 5.8 0 (.01 (.5 (.01 (.1 (.01 0.04 (.01
O3-0ct-86 68100 5.9 0 <.01 (.5 (.01 (.1 (.01 (.01 (.01
05-MOV-86 68129 5.6 0.06 (.01 (.5 (.01 (.1 (.01 0.06 (.01
ie-Mar-87 68213 5.8 0 (.01 (.5 (.01 (.1 (.01 (.01 (.01
05-Apr-B7 68230 6.3 1.4 0.04 (.5 0.02 7.3 0.07 0.14 (.01
22-Apr-07 68275 6.2 0.5 0.02 0.5 O.OI :.3 0.04 0.02 (.01
15-May-87 R0310 5.6 0 0.01 0.5 0.01 0.1 0.1 0.1 0.1
ll-Jun-87 68357 6.0 0.7 (.01 (.5 0.01 0.2 0.02 (.01 (.01
I6-Jun-87 68368 5.7 0 (.01 (.5 (.01 (.1 (.01 (.01 (.01
06-JuI-87 68390 3.6 0 (.01 (.5 (.01 (.1 (.01 (.01 (.01
SPLITS GROSS CHEMISTRY
04-Jun-86 9 6.4 53 7.80 19.4 0.96 20.8 4.2 8.8 13.8
2 6.5 53.7 7.80 18.1 0.99 21.6 4.4 8.9 12.6
08-Jun-86 16 6.6 17.5 0.90 2.6 0.13 4.8 0.9 1.6 2.6
06-0ct-86
13
101
106
6.8 17.4 
•etals only
0.88 2.3 0.12 4.9 0.8 1.7 2.6
06-0ct-86 105 8.3 268.6 7.40 19.5 1.68 62.8 17.4 11.9 2.3
107 8.5 268 7.45 19.2 1.71 62.7 17.4 11.8 2.3
27-0ct-96 120 8 256.6 5.92 20.1 1.49 59.4 16.5 10.6 2.5
122 8 258.6 5.73 19.4 1.44 59.4 16.5 10.6 2.5
01-May-87 293 8.3 217 19.50 19 0.79 53.1 14.3 9.0 1.8
08-May-87
302
301
302
8.4 215.9 
•etals only
9.39 19.1 0.91 52.1 14.2 8.8 1.8
09-May-87 296 8.3 235.3 15.40 10 2.73 49.3 9.8 26.7 11.4
303 8.3 235.2 15.30 9.4 2.63 49.2 9.8 27.1 11.2
22-May-87 319 8.2 187.2 3.06 21 0.52 44.9 12.2 6.6 1.6
325 8.2 186.9 3.04 20.4 0.51 45.6 12.3 6.6 1.8
27-May-87 335 8.3 227.7 5.34 17.3 0.76 52,2 14.3 8.6 1.9
333 8.4 225.6 5.32 17.6 0.75 51.4 14.0 8.6 1.9
O6-Jun-07 348 8.2 241 13.20 20.3 1.21 59.6 16.4 10.5 2.6
349 8.2 242.1 12.70 20 1.24 58.2 16.8 10.5 2.7
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DUPLICATES SROSS CHEMISTRY (tq/il
Dite Saeple * pH HC03 Cl S04 N03 Ca H, Ha K
DB-T'jl-86 28 8.1 184.8 3.58 14.5 0.71 44.5 12.0 4.8 1.5
29 8 185.2 3.42 15.7 0.45 44,5 12.0 4.7 1.4
03-0ct-B4 "8 8.2 184.4 3.19 15.5 0.57 43.5 12.0 4.5 1.5
99 8.1 184 3.14 15.4 0.58 43.5 12.0 4.5 1.5
24-0ct-84 120 8 254.4 5.92 20.1 1.49 59.4 14.5 10.4 2.5
121 7.9 255.5 5.77 18.4 1.47 59.2 14.5 10.4 2.5
07'Fe6-97 174 3 184.3 2.84 20.8 0.44 44.5 12.4 4.4 1.4
177 8 184.3 2.94 20.9 0.44 44.5 12.4 4.4 1.7
22-flpr-97 282 3.1 185.1 3.00 21.8 0.50 44.5 12.3 4.8 1.7
283 8.2 184.8 3.00 22.3 0.49 44.5 12.4 4.7 1.7
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BLANKS METALS (mg/11
Bmtt Sample 1 As Cd Cr Cw Fe PP Mm Hg Ml Zn
OA-Jun-84 R07 (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.001 (.03 0.05
OB-3un-86 8015 (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.001 (.03 (.01
23'Jun*8é R022 (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.001 (.03 0.02
OS-Jul-86 6M30 (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.0 (.03 (.01
lA-]ui*86 LT37
lA-Jul-86 LY38 (.005 (.001 (.02 (.01 0.04 (.01 (.02 (.001 0.04 (.01
03-Sep-B6 6U49 (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.001 (.03 (.01
OB-Sep-86 SW41 (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.001 (.03 0.04
11-Sep-86 BW72 (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.001 (.03 (.01
30-Sep-84 R094 (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.001 (.03 (.01
03-0ct-84 But 00 (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.001 (.03 (.01
05-NOV-84 6U129 (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.001 (.03 (.01
18-Mer-B7 6U213 (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.001 (.03 0.02
05-Apr-87 SU2S0 (.005 (.001 (.01 (.03 (.01 (.02 (.001 (.01
2E-Apr-87 6U275 (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.001 (.03 (.01
15-Hay-87 R0310 (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.001 (.03 (.01
ll-Jun-87 SU3S7 (.005 (.001 (.02 (.01 (.03 0.01 (.02 (.001 (.03 (.01
16-Jun-87 SU34S (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.001 (.03 (.01
06-Jul-87 SU390 (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.001 (.03 (.01
SPLITS METALS
Q4-Jun-84 8 (.005 (.001 (.02 (.01 0.27 (.01 0.24 (.001 (.03 0.09
2 (.005 (.001 (.02 (.01 0.28 (.01 0.24 (.001 (.03 0.09
08-Jun-84 14 (.005 (.001 (.02 (.01 0.06 (.01 0.04 (.001 (.03 0.02
13 (.005 (.001 (.02 (.01 0.07 (.01 0.04 (.001 (.03 0.03
04-0ct-84 101 (.005 (.001 (.02 (.01 (.03 (.01 (.03 (.001 (.03 0.03
104 (.005 (.001 (.02 (.01 (.03 (.01 (.03 (.001 (.03 0.02
04-Oc1-84 105 (.005 (.001 (.02 (.01 (.03 (.01 (.03 (.001 (.03 (.01
107 (.005 (.001 (.02 (.01 (.03 (.01 (.03 (.001 (.03 (.01
27-0ct-86 120
122
no metals
01-May-87 2«3
302
no metals
08-May-87 301 (.005 (.001 (.u2 (.01 (.03 (.01 (.03 (.001 (.03 (.01
302 (.005 (.001 (.02 (.01 (.03 (.01 (.03 (.001 (.03 (.01
08-May-87 294 (.005 (.001 (.02 (.01 (.03 (.01 (.03 (.001 (.03 (.01
303 (.005 (.001 (.02 (.01 (.03 (.01 (.03 (.001 (.03 (.01
22-May-87 319 (.005 (.001 (.02 (.01 (.03 (.01 (.03 (.001 (.03 (.01
325 (.005 (.001 (.02 (.01 (.03 (.01 (.03 (.001 (.03 (.01
27-Hay-87 335 (.005 (.001 (.02 0.05 (.03 (.01 (.03 (.001 (.03 0.03
333 (.005 (.001 (.02 0.04 (.03 (.01 (.03 (.001 (.03 0.01
06-Jun-87 348 (.005 (.001 (.02 (.01 (.03 (.01 (.03 (.001 (.03 (.01
349 (.005 (.001 (.02 (.01 (.03 (.01 (.03 (.001 (.03 (.01
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DUPLICATES METALS
Date Saeple 1 As Cd Cr Cu Fe Pb Mm Hg Ni Zn
08*Jul-84 3B <.005 <.001 %02 ■'.01 (.03 (.01 <.03 (.001 (.03 (.01
29 <.005 <.001 ■'.02 (.01 <.03 (.01 (.03 (.001 (.03 (.01
03-0ct-84 98 <.005 (.001 (.02 (.01 <.03 (.01 (.03 (.001 (.03 (.01
99 <.005 (.001 (.02 (.01 (.03 (.01 (.03 (.001 (.03 (.01
24-0ct-B4 120 <.005 <,001 (.02 <.01 <.03 (.01 (.03 (.001 (.03 (.01
121 <.005 (.001 (.02 (.01 (.03 (.01 (.03 <.001 <.03 (.01
07-Feb-B7 174 <.005 <.001 (.02 (.01 (.03 (.01 (.03 (.001 (.03 (.01
177 <.005 <.001 <,02 (.01 <.03 (.01 (.03 <.001 (.03 (.01
22-Apr-B7 282 <.005 <.001 (.02 (.01 (.03 (.01 (.03 (.001 (.03 (.01
283 <.005 (.001 (.02 <.01 (.03 (.01 (.03 (.001 (.03 (.01
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STANDARD REFERENCE MBS STB 1&A3D (tq/U
Bite Saeple 1 Ai Cd Cr Cw Fe Pb Rn Hq Ni Zn
07-lul-BA 27 0.050 0.018 0.02 0.10 0.02 0.03 <.001 0.06
29-JuI'B6 W 0.051 0.019 0.02 0.10 <.01 0.03 <.001 0.05
06-0ct-B6 108 0.047 0.018 <.02 0.02 0.09 0.02 0.03 <.001 0,04 0.06
27-0ct-86 123 0.049 0.018 <.02 0.03 0.10 0.02 0.03 <.001 <.03 0.06
10-No¥-BA 134 0.052 0.019 <.02 0.02 0.10 <.01 0.03 <.001 0.04 0.06
23-Riy-87 324 0.054 0.019 0.02 0.02 0.10 0.02 0.03 <.001 0.04 0.06
29-Miy-87 337 0.051 0.018 0.02 0.02 0.09 0.02 0.03 <.001 0.04 0.07
12*Jun*87 351 0.050 0.018 <.02 0.02 0.09 0.02 0.03 <.ooi 0.04 0.06
16-Jun-87 369 0.053 0,017 <.02 0.02 0.10 0.02 0,03 <.001 0.04 0.06
06-Jul-87 391 0.049 0.018 <.02 0.02 0.10 0.02 0.03 <.001 0.04 0.06
INTERNAL LABORATORY QUALITY ASSURANCE - ENERGY LABORATORIES
SPIKED ANALYSIS
Date Saeple 1 As Cd Cr Cu Fe Pb Rn Hq Ni Zn
21-Jul-86 6401 100 94 98 97 97 99 86 94
21-Jul-86 6411 too 95 97 98 96 97 86 98
21-Jul-86 642! too 97 98 99 95 97 88 94
15-Auq-86 7351 100 95 99 100 89 97 102 98
25-Nov-86 9961 108 104 100 101 96 102 100 101
25-NOV-86 9971 100 104 104 103 104 104 100 104
25-Nov-86 9972 96 104 100 98 100 102 110 102
25-NOV-B6 9973 104 104 101 103 102 102 112 104
25-NOV-86 9974 100 101 102 103 96 99 90 99
25-NOV-86 9975 100 102 100 101 95 98 100 98
02-Dec-86 11151 108 103 108 108 99 104 112 103
02-Dec*86 11161 104 105 108 101 104 102 112 101
20-Jul-87 7551 108 105 109 107 99 88 105 89 too 105
20-3ul-87 7561 95 106 113 107 103 100 105 101 102 103
20-Jttl-87 7571 101 103 107 106 103 96 102 111 101 103
20-Jul-87 7581 90 106 109 109 103 104 104 89 108 103
ZO-Jul-97 7591 109 99 105 100 100 95 98 111 96 98
20-3ul-87 7601 100 107 112 109 105 102 108 89 103 103
20-Jul-87 7611 93 106 114 107 106 108 105 101 102 108
20-Jul-87 7621 100 96 96 104 110 98 99 101 97 97
20-Jul*87 7631 100 104 101 102 109 100 102 101 98 108
2O-Jul-07 7641 100 96 100 100 103 102 100 91 98 98
20-Jul-87 8141 96 100 96 102 103 92 100 93 97 96
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INTERNAL LABORATORY OUALITY ASSURANCE - ENERGY LABORATORIES 
DUPLICATE ANALYSIS
Bat* Sample # As Cd Cr Cu Fe Pb Rn Nl Zn
10 <.005 (.001 0.01 O.M 0.04 0.11 (.001 0.12
dup (.005 (.001 0.02 0.88 0.04 0.11 (.001 0.12
20 (.005 (.001 (.01 0.09 (.01 0.04 (.001 0.09
Sl'Jul'GA dup (.005 (.001 (.01 0.1 (.01 0.04 (.001 0.09
36 (.005 (.001 (.01 (.03 (.01 (.02 (.001 (.01
15-«ay-BA dup (.005 (.001 (.01 (.03 (.01 (.02 (.001 (.01
50 (.005 (.001 (.01 (.03 (.01 (.02 (.001 (.01
25-N0V-87 dup (.005 (.001 (.01 (.03 (.01 (.02 (.001 (.01
60 (.005 (.001 (.01 (.03 (.01 (.02 (.001 (.01
2S-NOV-87 dup (.005 (.001 (.01 (.03 (.01 (.02 (.001 (.01
70 (.005 (.001 (.01 (.03 (.01 (.02 (.001 (.01
25-NOV-87 dup (.005 (.001 (.01 (.03 (.01 (.02 (.001 (.01
80 (.005 (.001 (.01 (.03 (.01 (.02 (.001 (.01
25-NOY-87 dup (.005 (.001 (.01 (.03 (.01 (.02 (.001 (.01
91 (.005 (.001 (.01 0.05 (.01 (.02 (.001 0.03
25-NOV-87 dup (.005 (.001 (.01 (.03 (.01 (.02 (.001 (.01
104 (.005 (.001 (.01 (.03 (.01 (.02 (.001 (.01
25-NOV-87 dup (.005 (.001 (.01 (.03 (.01 (.02 (.001 . (.01
112 (.005 (.001 (.01 (.03 (.01 (.02 (.001 (.01
02-0ec-86 dup (.005 (.001 (.01 (.03 (.01 (.02 (.001 (.01
123 0.049 0.018 0.03 0.10 0.02 0.03 (.001 0.06
02-Dec-86 dup 0.050 0.018 0.02 0.10 0.02 0.03 (.001 0.06
276 (.005 (.001 0.07 0.03 0.33 (.01 0.34 (.001 0.03 0.08
20-Jul-87 dup (.005 (.001 0.07 0.03 0.33 (.01 0.34 (.001 0.03 0.08
286 (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.001 (.03 0.03
20-Jul-87 dup (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.001 (.03 0.02
297 (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.001 (.03 (.01
20-Jul-B7 dup (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.001 (.03 (.01
308 (.005 (.001 (.02 (.01 0.14 0.01 0.11 (.001 (.03 0.06
20-Jui-B7 dup (.005 (.001 (.02 (.01 0.14 (.01 0.1 (.001 (.03 0.06
318 (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.001 (.03 (.01
20-Jul-87 dup (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.001 (.03 (.01
329 (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.001 (.03 (.01
20-Jul-87 dup (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.001 (.03 (.01
337 0.051 0.018 0.02 0.02 0.09 0.02 0.03 (.001 0.04 0.07
20-Jul-87 dup 0.052 0.018 0.02 0.02 0.10 0.02 0.03 (.001 0.04 0.06
349 (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.001 (.03 (.01
20-Jul-B7 dup (.005 (.001 (.02 (.01 (.03 (.01 (.02 (.001 (.03 (.01
359 (.005 (.001 (.02 0.03 (.03 (.01 (.02 (.001 (.03 (.01
20-Jul-87 dup (.005 (.001 (.02 0.03 (.03 (.01 (.02 (.001 (.03 (.01
369 0.053 0.017 (.02 0.02 0.1 0.02 0.03 (.001 0.04 0.06
20-Jul-87 dup 0.052 0.017 (.02 0.09 0.02 0.02 0.03 (.001 0.05 0,06
330 (.005 (.001 (.02 0.03 (.03 (.01 (.02 (.001 (.03 0.07
23-Jul-87 dup (.005 (.001 (.02 0.03 (.03 (.01 (.02 (.001 (.03 0.07
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REFERENCE SAMPLES (««/D
Dttf Target R As CO Cr Cu Fe Pb Mn Hg Nl Zn
2I-Jul -86 1 0.027 0.001 0.006 0.026 0.018 0.011 0.0018 0.022
aS-Mpv-86 at 0.025 0.026 0.097 0.099 0,105 0.099 0.0017 0.104
20-Jul -87 tat 0.028 0.126 0.098 0.095 0.084 0.097 0.099 0.099 0.0021 0.093
23-Jul -87 laa 0.027 0.026 0.099 0.097 0.092 0.094 0.099 0.099 0.0017 0.098
TARSET RANGES
•A« 8.021 -0.034 taAf 0.020 -0.034 aaaAs 0.020 -0.032
C6 O.OOi -0.003 Cd 0.020 -0.028 Cd 0.020 -0.028
Cr Cr Cr 0.078 -0.119
Cu 0.006 -0.012 Cu 0.086 -0.113 Cu 0.088 -0.113
Fe 0.005 -0.033 Fe 0.083 -0.119 Fe 0.083 -0.119
Pb 0.010 -0.025 Pb 0.083 -0.116 Pb 0.083 -0.116
Nn 0.003 -0.019 Mn 0.088 -0.111 Mn 0.088 -0.111
Hg 0.010 -0.0022 Hg 0.0014 -0.0022 Hg 0.0014 -0.0022
Nl Nl Ni 0.0015 -0.0025
Zn 0.003 -0.019 Zn 0.086 -0.115 Zn 0.086 -0.115
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